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(54) Exhaust gas recirculation system for turbo-charged, fuel direct injection engine 



(57) An exhaust gas recirculation system for a turbo- 
charged fuel direct injection diesel engine establishes a 
target air-fuel ratio for an accelerating state of engine 
operating condition and a target air-fuel ratio for an or- 



dinary engine operating state greater than the target air- 
fuel ratio for the accelerating state and, when the engine 
is one of the states, controls the amount of exhaust gas 
recirculation to deliver the target air-fuel ratio related to 
the one state. 
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Description 

The invention relates to an exhaust gas recircula- 
tion system for a fuel direct injection type of turbo- 
charged automobile engine. 

In order to lower nitrogen oxide (NOx) emissions in 
the exhaust gas from a supercharged diesel engine, ex- 
haust gas recirculation systems typically regulate an ex- 
cess air factor (X) by controlling the amount of exhaust 
gas admitted to recirculate. Such an exhaust gas recir- 
culation system is known from, for example, JP Patent 
Publication No. 63-50544. Further, as known from, for 
example, Japanese Unexamined Patent Publication 
No. 6-229322, in order to eliminate variation in exhaust 
gas recirculation ratios among cylinders of a multicylin- 
der engine, certain exhaust gas recirculation systems 
control the amount of exhaust gas recirculation accord- 
ing to the amount of intake air for each cylinder. 

Currently, diesel engines are operated in signifi- 
cantly high air-fuel ratios, which always causes an in- 
creased in NOx emissions. While the level of NOx emis- 
sions is reduced by introducing a metered portion of hot 
exhaust gases into the intake manifold, if, however, the 
exhaust gas admitted to be recirculated is too much, the 
amount of air in the intake air stream is reduced, which 
in turn means that the incoming fuel charge is enriched. 
As a result of combustion of the air-fuel mixture, an in- 
creased amount of smoke is produced. 

As a result of investigations of the relationship be- 
tween the amount of smoke and air-fuel ratio carried out 
by the inventors of this application, it was found that the 
amount of smoke sharply changed at air-fuel ratios 
greater than a critical ratio. These studies have shown 
that it is desirable to control the amount of exhaust gas 
recirculation aiming at an air-fuel ratio which is lower 
than the critical ratio. In the case of a turbo-charged die- 
sel engine, however, under ordinary engine operating 
conditions where a large amount of exhaust gas is re- 
circulated into the intake air stream, since the energy of 
exhaust gas imparted to the turbo-charger is lowered, it 
is hard for the super-charged diesel engine to attain in- 
tended super-charging effects in response immediately 
to a change in engine operating condition from the ordi- 
nary operating condition as a result of, for example, 
stepping on the accelerator pedal. Atypical problem that 
occurs in this case is that the diesel engine encounters 
an extension of turbo-lag which refers to a temporary 
drop in engine output and provides a sharp increase in 
the amount of smoke in exhaust gas besides. This is 
because, while the amount of fuel that is injected is in- 
creased in response to stepping on the accelerator ped- 
al, the incoming fuel charge becomes significantly en- 
riched due to supercharging with a delay. In addition, if 
the diesel engine fails to increase its output immediately, 
the accelerator pedal will be further depressed, which 
causes the turbo-lag to grow longer. This possibly leads 
to a vicious circle of a temporary drop in engine output 
as a result of stepping on the accelerator pedal, an in- 



crease in smoke generation accompanying the drop in 
engine output and stepping-on the accelerator pedal. 

The invention therefore seeks to provide an exhaust 
gas recirculation system for a turbo-charged fuel direct 

5 engine diesel engine which establishes a target air-fuel 
ratio suitable for preventing the occurrence of a tempo- 
rary drop in engine output accompanied by an increase 
in smoke generation and which performs exhaust gas 
recirculation control which delivers the target air-fuel ra- 

10 tio in an accelerating state in which there is an engine 
demand for supercharging of air. 

The foregoing object of the invention is achieved by 
providing an exhaust gas recirculation system for a tur- 
bo-charged fuel direct injection engine including an ex- 

15 haust gas recirculation passage through which exhaust 
gas is partly recirculated from an exhaust gas passage 
upstream of a turbo-charger into an intake air passage 
downstream of a blower of the turbo-charger, an ex- 
haust gas recirculation regulating means namely an 

20 EG R valve installed in the exhaust gas recirculation pas- 
sage for linearly varying the amount of exhaust gas re- 
circulation, and a control means such as a microproc- 
essor for determining the amount of fuel injection, de- 
termining a target air-fuel ratio for exhaust gas recircu- 

25 lation control for an accelerating state in which the en- 
gine is super-charged, and controlling the exhaust gas 
recirculation regulating means to permit an amount of 
exhaust gas recirculation based on the intake air flow 
rate detected by an air flow sensor disposed in the intake 

30 air passage upstream of the blower of the turbo-charger 
and the amount of fuel injection so as thereby to deliver 
the target air-fuel ratio. 

While the engine operates in the accelerating state 
in which the engine has a demand for super-charging ; 

35 the exhaust gas recirculation control is performed so as 
to deliver a target air-fuel ratio with the result of prevent- 
ing air-fuel ratio changes smaller in excess following an 
increase in fuel injection amount. In other words, even 
in the case where a large amount of exhaust gas is re- 

40 circulated in order to reduce NOx emissions and smoke 
and the exhaust gas energy to the turbo-charger is low- 
ered as a result, the control trying to deliver the target 
air-fuel ratio causes a reduction in the amount of ex- 
haust gas recirculation with an effect of causing a rela- 

45 tive increase in the amount of intake air, as a result of 
which, the engine is prevented from an increase in 
smoke generation following an increase in an amount 
of fuel injection and a drop in engine output and yields 
improvement of responsiveness to an engine demand 

50 for acceleration. 

The sensor may be of a type detecting an amount 
of intake air passing through the intake air passage or 
of a type detecting pressure of intake air passing 
through the intake air passage. In the case of employing 

55 a pressure sensor, the amount of intake air is deter- 
mined based on the pressure and an engine speed of 
rotation. The air flow sensor maybe a fixed temperature 
hot-film type. A fixed temperature hot-film type of airflow 
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sensor incorporates an electrically heated hot-film. The 
amount of radiation of heat from the hot-film depends 
upon a mass of air passing therethrough, and the air 
flow rate is determined based on the electric current 
necessary for the hot-film to maintain a specified tem- 
perature. Even if the air stream includes fluctuations, the 
fixed temperature hot-film type of air flow sensor detects 
an accurate air flow rate. Specifically, the fixed temper- 
ature hot-film type of airflow sensor incorporates a heat- 
er disposed perpendicularly to an air stream in the intake 
air passage and hot-films disposed before and after the 
heater. An intake air backflow is detected based on a 
difference of temperature between the hot-films, so that 
it detects exclusively an intake air flow into the cylinders 
and prevents of an error occuring due to an intake air 
backflow in the exhaust gas recirculation control. 

An air-fuel ratio may be determined based on an 
output from an oxygen (0 2 ) sensor installed in the ex- 
haust gas passage and this detects the oxygen concen- 
tration of exhaust gas. In such a case, what is found is 
based on the air-fuel ratio and an amount of fuel injection 
in an air flow rate at a time about two cycles before, 
which is unsuitable for the exhaust gas recirculation 
control during a transitional state of engine operating 
condition in which there is an engine demand for super- 
charging. Contrary to this, the utilisation of an air flow 
sensor installed in the intake air passage detects an air 
flow rate before fuel combustion, enabling the exhaust 
gas recirculation control to be performed with a high re- 
sponsiveness to a change in the amount of intake air, 
which is always advantageous to cause a certain reduc- 
tion in NOx emissions and smoke. 

The control means may establish a target air-fuel 
ratio for an ordinary state in which the engine operates 
with lower or moderate loads. In such a case, the control 
means establishes a target air-fuel ratio for the acceler- 
ating state when an engine operating condition shifts to 
the accelerating state from the ordinary state and feed- 
back controls the exhaust gas recirculation regulating 
means to deliver the target air-fuel ratio for the ordinary 
state while the engine operates in the ordinary state and 
to deliver the target air-fuel ratio for the accelerating 
state upon a transition to the accelerating state from the 
ordinary state. That is, the engine demand is different 
between while the engine operates in the ordinary state 
and the engine shifts its operating condition into the ac- 
celerating state, and a critical problem for the engine is 
a reduction in NOx emission and smoke during opera- 
tion in the ordinary state and, on the other hand, a rapid 
increase in engine output as well as restraint in NOx 
emissions and smoke during a transition to the acceler- 
ating state. This is overcome by establishing a target 
air-fuel ratio which is different between the ordinary 
state and the accelerating state. Upon a transition to the 
accelerating state from the ordinary state, it is desirable 
to establish a target air-fuel ratio for the accelerating 
state greater than the target air-fuel ratio for the ordinary 
state. This is because there is an engine demand for a 



4 

large increase in the amount of intake air meeting an 
increase in the amount of fuel injection during the tran- 
sition to the accelerating state. Establishing a greater 
target air-fuel ratio (which means a lean air-fuel mixture) 

5 for the accelerating state causes a reduction in the 
amount of exhaust gas recirculation during the exhaust 
gas recirculation control and correspondingly causes an 
increase in the amount of fuel injection. 

The engine yields improvement of responsiveness 

10 to an engine demand for acceleration even when there 
occurs a temporary rise in air-fuel ratio with an effect of 
an increase in NOx emissions and smoke, as a result of 
which, the engine can shift its operating condition into 
the ordinary state quickly and permit a large amount of 

15 exhaust gas recirculation. Therefore, NOx emissions 
are reduced. 

It is desirable to restrain an increase in the amount 
of fuel injection in response to an increase in pedal 
stroke in the accelerating state. This is because, even 
20 when the exhaust gas recirculation control delivers the 
target air-fuel ratio as described above, it is impossible 
to cause a sharp increase in the amount of intake air by 
feedback control and, consequently, if the amount of fuel 
injection increases sharply with an increase in pedal 
25 stroke, the air-fuel ratio drops in excess. In order to re- 
strain an increase in the amount of fuel injection, it is 
desirable to establish an upper limit to the amount of fuel 
injection according to the amount of intake air so that an 
air-fuel ratio lower than the target air-fuel ratio for the 
30 ordinary state is not exceeded. That is, because a criti- 
cal problem in this instance is an excessive drop in air- 
fuel ratio (which means a too rich air-fuel mixture), an 
upper limit to the amount of fuel injection is determined 
based on a relationship relative to an air-fuel ratio. In 
35 other words, while it is disadvantageous, in view of re- 
strained smoke generation, to establish a limit to the air- 
fuel ratio for determining the upper limit amount of fuel 
injection to be lower than the target air-fuel ratio for the 
ordinary state, however, there is a preference engine 
40 demand for an increase in the amount of fuel injection 
with an effect of acceleration. Further, even when there 
occurs a temporary drop in air-fuel ratio, the ordinary 
state is quickley attained due to improvement of respon- 
siveness to an engine demand for acceleration. As a re- 
45 suit, an increase of smoke is prevented overall. There- 
fore, it is necessary to establish the limit air-fuel ratio as 
low as possible within an extent meeting an engine de- 
mand for acceleration. 

When there occurs a shift to the accelerating state 
50 from the ordinary engine operating state, the exhaust 
gas recirculation regulating means is preferably control- 
led to provide at least a reduction in the amount of ex- 
haust gas recirculation or to prevent exhaust gas recir- 
culation regardless of the target air-fuel ratio for exhaust 
55 gas recirculation control for the ordinary engine operat- 
ing state before controlling the exhaust gas recirculation 
regulating means based on the target air-fuel ratio for 
exhaust gas recirculation control for the accelerating 
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state. Because it is difficult to cause a sharp reduction 
in the amount of exhaust gas recirculation even though 
performing the feedback control of exhaust gas recircu- 
lation so as to deliver a target air-fuel ratio when there 
occurs a shift to the accelerating state from the ordinary 
engine operating state, a reduction in the amount of ex- 
haust gas recirculation is forced to cause a sharp in- 
crease in the amount of intake air. 

It is desirable to further determine a target air-fuel 
ratio for fuel injection control for the accelerating state 
and to perform the feedback control of fuel injection to 
deliver said target air-fuel ratio for fuel injection control 
in parallel to the exhaust gas recirculation control in the 
acceleration state. During acceleration, it is necessary 
to provide an increase in the amount of fuel injection 
with an increase in pedal stroke. In this case, it is desir- 
able to determine a target air-fuel ratio for fuel injection 
control in view of improvement of acceleration separate- 
ly from the exhaust gas recirculation control. In view of 
acceleration, it is desirable to establish the target air- 
fuel ratio for fuel injection control for the acceleration 
state to be lower than the target air-fuel ratio for exhaust 
gas recirculation control for said accelerating state. 
However, since establishing the target air-fuel ratio for 
fuel injection control to be only slightly in excess is dis- 
advantageous in view of engine output as well as gen- 
erating too much smoke due to imperfect combustion, 
the target air-fuel ratio should be within a range which 
does not generate excessive smoke and does not 
hinder an improvement of engine output. 

It is also desirable that the target air-fuel ratio for 
fuel injection control for the accelerating state is smaller 
than the target air-fuel ratio for exhaust gas recirculation 
control for the ordinary engine operating state and the 
target air-fuel ratio for exhaust gas recirculation control 
for the accelerating state is greater than the target air- 
fuel ratio for exhaust gas recirculation control for the or- 
dinary engine operating state. This leads to an increase 
in engine output due to an increase in the amount of fuel 
injection as well as an increase in the amount of intake 
air and the exhaust gas energy to the super-charger due 
to decreasing the amount of exhaust gas recirculation. 

It is further desirable to specify the target air-fuel 
ratio for exhaust gas recirculation control for the ordinary 
engine operating state as an air-fuel ratio at which gen- 
eration of smoke changes to a sharp increase from a 
gradual increase, which realises a reduction in both NOx 
emissions and smoke. 

The target air-fuel ratio for the ordinary state may 
be completely or approximately same and uniform for 
all cylinders. 

The turbo-charger co-operating with the exhaust 
gas recirculation system may be of a type of variable 
super-charging efficiency, in particular of a type having 
a variable vane which varies a cross sectional area of 
an exhaust gas discharge passage, or of a variable ge- 
ometry type which is variable in A/R ratio. The turbo- 
charger is controlled to reduce its A/R ratio when an en- 



gine operating condition shifts into the accelerating state 
from the ordinary state. 

It is also desirable that the exhaust gas recirculation 
passage has two passage sections arranged in parallel 
5 to each other, one of which is provided with a linear vafve 
for linearly changing opening of that passage section 
and another of which is provided with an on-off valve 
which opens and closes to open and shut off the other 
passage section, and the linear valve is feedback con- 
io trolled in order to vary opening of the one passage sec- 
tion so as to deliver the target air-fuel ratio for exhaust 
gas recirculation control while keeping the on-off valve 
open in the ordinary state, and the on-off valve is con- 
trolled to close upon a transition to the accelerating 
is state. By controlling the linear valve to open and close 
while the on-off valve remains open, the two passage 
sections are caused to admit a large amount of exhaust 
gas recirculation with an effect of reducing NOx emis- 
sions. On the other hand, the on-off valve is closed upon 
a shift of engine operating condition into the accelerating 
state, as a result of which a sharp increase in the amount 
of intake air is caused due to a sharp reduction in the 
amount of exhaust gas recirculation. 

It is further desirable that the exhaust gas recircu- 
lation passage has two passage sections arranged in 
series, one of which is provided with a linear valve for 
linearly changing opening of the one passage section 
and another of which is provided with an on-off vafve 
which opens and closes to open and shut off the other 
passage section, the linear valve being feedback con- 
trolled to vary opening of the one passage section so as 
to deliver the target air-fuel ratio for exhaust gas recir- 
culation control while keeping the on-off valve to remain 
open in the ordinary state, and the on-off valve is con- 
trolled to remain closed until an air-fuel ratio within a 
specified range from the target air-fuel ratio for exhaust 
gas control for the accelerating state is attained upon a 
transition to the accelerating state. In the accelerating 
state, the on-off valve shuts off the related passage sec- 
tion, causing a sharp increase in the amount of intake 
air. 

The exhaust gas recirculation regulating means 
may be comprised of a diaphragm type valve having a 
pressure chamber into which a specified level of preset 
pressure is introduced to keep the diaphragm type valve 
closed. In order to admit a large amount of exhaust gas 
recirculation, it is necessary to employ an exhaust gas 
recirculation passage having a large cross-sectional ar- 
ea. For this reason, a large size diaphragm type valve 
is installed. In order to provide fail-safe, the diaphragm 
type valve incorporates a return spring to force its valve 
head against a valve seat so as to prevent the valve 
head from accidentally moving during rest. However, 
once the spring loaded diaphragm type valve closes, it 
takes a time to attain driving force necessary to open 
again. As a result, in the event of return to the ordinary 
state after the spring loaded diaphragm type valve has 
closed in the accelerating state, it takes a time before 
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the recirculation of exhaust gas resumes, causing an in- 
crease in generation of smoke. In order for the spring 
loaded diaphragm type valve to be free from such a de- 
lay in opening, a specified level of preset pressure is 
introduced into the pressure chamber to cause the dia- 
phragm type valve to open in response to even a slight 
change in pressure in the pressure chamber. 

As described above, according to the exhaust gas 
recirculation system of the invention, since, while the en- 
gine operates in the accelerating state in which the en- 
gine is supercharged, the amount of exhaust gas recir- 
culation is controlled based on the amount of intake air 
and the amount of fuel injection so as to deliver a target 
air-fuel ratio, the amount of intake air is increased by 
reducing the amount of exhaust gas recirculation by the 
air-fuel ratio control. As a result, the air-fuel ratio is pre- 
vented from changing smaller in excess following an in- 
crease in the amount of fuel injection while the engine 
operates in the accelerating state, so as to eliminate an 
increase in generation of smoke and a drop in engine 
output, thereby improving the responsiveness of the en- 
gine to an engine demand for acceleration. 

In the case where the exhaust gas recirculation con- 
trol is performed in parallel to execution of the fuel in- 
jection control, acceleration property of the engine is 
more improved. 

The invention will now be described further, by way 
of example, with reference to the accompanying draw- 
ings, in which: 

Figure 1 is a schematic illustration showing the 
overall structure of a turbo-charged engine 
equipped with an exhaust gas recirculation system 
in accordance with an embodiment of the invention; 
Figure 2 is a schematic illustration showing an ex- 
haust gas recirculation valve and its associated 
driving system; 

Figure 3 is a graph showing the relationship be- 
tween driving current and driving vacuum of the ex- 
haust gas recirculation valve; 
Figure 4 is a graph showing the relationship be- 
tween driving vacuum and valve lift of the exhaust 
gas recirculation valve; 

Figure 5 is a front view of part of a variable geometry 
turbo-charger with a small value of A/R; 
Figure 6 is a front view of part of a variable geometry 
turbo-charger with a large value of A/R; 
Figure 7 is a block diagram showing an engine con- 
trol system; 

Figure 8 is a graph showing the relationship be- 
tween the amount of NOx emissions and air-fuel ra- 
tio; 

Figure 9 is a graph showing the relationship be- 
tween smoke value and air-fuel ratio; 
Figure 10 is a flow chart illustrating the general se- 
quence routine of fuel injection control and exhaust 
gas recirculation control; 

Figure 1 1 is a graphical diagram showing a change 



in the mass of intake air flow with respect to time; 
Figure 12 is a flow chart illustrating the sequence 
routine of calculation of the mass flow rate of intake 
air introduced into the intake manifold; 
s Figures 1 2A and 1 2B show a change in the amount 
of intake air with respect to with respect to acceler- 
ator pedal operation; 

Figure 13 is a flow chart illustrating the sequence 
routine of judgement of a transition of engine oper- 

io ating condition; 

Figure 14 is a flow chart illustrating the sequence 
routine of calculation of the amount of opening of 
the exhaust gas recirculation valve; 
Figure 15 is a flow chart illustrating the sequence 

is routine of presetting a valve lift; 

Figure 16 is a graph showing the relationship be- 
tween valve lift and movement of the exhaust gas 
recirculation valve; 

Figure 17 is a schematic illustration showing the 
20 overall structure of a turbo-charged engine 

equipped with an exhaust gas recirculation system 

which includes a parallel arrangement of exhaust 

gas recirculation valves in accordance with another 

embodiment of the invention; 
25 Figure 18 is a flow chart illustrating the sequence 

routine of actuation of the exhaust gas recirculation 

valve; 

Figure 19 is a schematic illustration showing an ex- 
haust gas recirculation valve which has a parallel 
30 arrangement of driving vacuum passages and its 
associated driving system; 

Figure 20 is a flow chart illustrating the sequence 
routine of exhaust gas recirculation valve control of 
the exhaust gas recirculation valve shown in Figure 
35 19; 

Figure 21 is a schematic view of an exhaust gas 
passage in which two exhaust gas recirculation 
valves are disposed in series; 
Figure 22 is a flow chart illustrating the sequence 
40 routine of actuation of the exhaust gas recirculation 
valves arranged in series; 

Figure 23 is a flow chart illustrating the sequence 
routine of fuel injection control during a transition of 
driving condition; 
45 Figures 23A through 23C show a change in the 
amount of intake air and a change in the target 
amount of fuel injection with respect to accelerator 
pedal operation; 

Figure 24 is a graph showing the relationship be- 
so tween smoke value and air-fuel ratio; 

Figure 25 is a flow chart illustrating the sequence 
routine of parallel control of fuel injection and ex- 
haust gas recirculation during a transition of driving 
condition; 

55 Figure 26 is a graph showing the mass flow rate of 
air flow and error in detecting the mass flow rate of 
air flow with respect to output of an airflow sensor; 
Figure 27 is a graph showing relative error in de- 
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tecting the mass flow rate of air flow with respect to 
output of an air flow sensor; 
Figure 28 is a graph showing excess air factor with 
respect to output of an oxygen sensor; 
Figure 29 is a flow chart illustrating the sequence s 
routine of sensor selection control; 
Figure 30 is a graph showing the relationship be- 
tween oxygen concentration and air-fuel ratio; 
Figure 31 is a flow chart illustrating the sequence 
routine of sensor selection control; 10 
Figure 32 is an illustration of a map of engine oper- 
ating zone that is used for sensor selection; 
Figure 33 is an illustration of another map of engine 
operating zone that is used for sensor selection; 
Figure 34 is a graph showing pressure fluctuations is 
of intake and exhaust gas at an engine speed of 
2,000rpm; 

Figure 35 is a graph showing fluctuations of pres- 
sure difference between intake and exhaust gas at 
an engine speed of 2,000rpm; 20 
Figure 36 is a graph showing fluctuations of the 
mass flow rate of intake air and the recirculated ex- 
haust gas content at an engine speed of 2,000rpm; 
Figure 37 is a graph showing pressure fluctuations 
of intake and exhaust gas at an engine speed of 25 
1,500rpm; 

Figure 38 is a graph showing pressure fluctuations 
of intake and exhaust gas at an engine speed of 
1 ,000rpm: 

Figure 39 is a comparative graph showing fluctua- 30 
tions of pressure difference between intake and ex- 
haust gas at engine speeds of 2,000 rpm, 1 ,500 rpm 
and 1,000 rpm; 

Figure 40 is a comparative graph showing changes 
in exhaust gas recirculation ratio for the respective 35 
cylinders with respect to engine speed; 
Figure 41 is a schematic illustration showing the 
overall structure of a turbo-charged engine 
equipped with an exhaust gas recirculation system 
in accordance with another embodiment of the in- 40 
vention; 

Figure 42 is a graphical view showing engine oper- 
ating zones; 

Figure 43 is a flow chart illustrating the sequence 
routine of exhaust gas recirculation pipe selection 45 
control; 

Figure 44A is a graphical diagram showing opening 
of an exhaust gas recirculation valve with respec- 
tive to time during main exhaust gas recirculation 
control; so 
Figure 44B is a graphical diagram showing opening 
of an exhaust gas recirculation valve with respec- 
tive to time during subordinate exhaust gas recircu- 
lation control; 

Figure 45 is a schematic illustration showing a dou- 55 
ble-passage exhaust gas recirculation pipe; 
Figure 46 is a schematic illustration showing a var- 
iation of the double-passage exhaust gas recircula- 



tion pipe: 

Figure 47 is a flow chart illustrating the sequence 
routine of exhaust gas recirculation pipe selection 
control while both exhaust gas recirculation pas- 
sages are effective; 

Figure 48A is a graph showing engine speed with 
respect to time during deceleration; 
Figure 4BB is a graph showing a change in the 
amount of exhaust gas recirculation through a sin- 
gle exhaust gas recirculation passage with respect 
to time during deceleration; 
Figure 48C is a graph showing a change in the 
amount of exhaust gas recirculation through both 
exhaust gas recirculation passages with respect to 
time during deceleration; and 
Figure 49 is a graph showing exhaust gas recircu- 
lation ratio and difference of the amount of intake 
air for each cylinder. 

Referring to the drawings in detail and, in particular, 
to Figure 1 showing a fuel direct injection type of turbo- 
charged diesel engine (which is hereafter referred to as 
an engine simply) 1 , such as an in-line four-cylinder die- 
sel engine, equipped with an exhaust gas recirculation 
system in accordance with an embodiment of the inven- 
tion, the engine 1 has an intake system 2 and an exhaust 
system 3, which are schematically shown. Each of the 
four cylinders (not shown) is provided with a fuel injector 
of which is connected to a fuel injection pump 24 through 
a common fuel passage 25. The engine 1 and its asso- 
ciated systems and devices are controlled by means of 
a control unit 5 comprising of a microprocessor. The in- 
take system 2 includes an air flow sensor 6, a part of a 
variable geometry type of turbocharger (which is here- 
after referred to as a VGT turbo-charger) 7, an inter- 
cooler 8 disposed in order from the upstream end of an 
intake air passage 2a which itself opens into an intake 
manifold 2b. The exhaust system 3 includes an oxygen 
sensor (which will be hereafter referred to as an 0 2 sen- 
sor) 9, an exhaust gas pressure sensor 11 , another part 
of the VGT turbo-charger 7 and a catalytic converter 1 2 
in order from an exhaust manifold 3b toward the down- 
stream end of an exhaust gas passage 3a. The engine 
incorporates an exhaust gas recirculation system 13 
having an exhaust gas recirculation passage 13a con- 
nected to the intake air passage 2a close to the intake 
manifold 2b and connected to the exhaust gas passage 
3a close to the exhaust manifold 3b. The exhaust gas 
recirculation passage 1 3a is provided with a vacuum di- 
aphragm operated type of exhaust gas recirculation 
valve (which will be hereafter referred to as a vacuum 
diaphragm operated EGR valve or simply an EGR 
valve) 14, having a valve lift sensor 19 incorporated 
therein, and which is connected to a vacuum pump 16 
through a vacuum passage 15. A vacuum controlling 
electromagnetic valve 17 and a vacuum sensor 18 are 
disposed between the EGR valve 14 and the vacuum 
pump 16 in the vacuum passage 15. The engine 1 is 
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provided with various sensors, namely an air pressure 
sensor 21 and an intake air temperature sensor 22 dis- 
posed in the intake manifold 2b in close vicinity to the 
intake air passage 2a 5 a crank angle sensor 23 connect- 
ed to an engine crankshaft (not shown), a fuel pressure 
sensor 26 disposed in the fuel passage 25, and an ac- 
celerator stroke sensor 27 accelerator pedal (not 
shown). The crank angle sensor 23 provides a signal 
which represents a rotation angle of the crankshaft and 
based on which the respective cylinders are discriminat- 
ed. 

Figure 2 shows the vacuum diaphragm operated 
EGR valve 1 4 in detail. As shown, the EGR valve 1 4 has 
a valve head 14c integrally formed with one end of a 
valve stem 1 4b. Th e valve stem 1 4b is secu red to a vac- 
uum diaphragm 14a which divides the interior 14e of a 
valve case into two chambers, namely an upper vacuum 
chamber 1 4f and a lower pressure chamber 14g, and is 
loaded by a spring 14d in a direction in which the valve 
head 1 4c closes the valve seat 1 4h. The EGR valve 14 
incorporates the valve lift sensor 1 9 attached to the oth- 
er end of the valve stem 1 4b remote from the valve head 
14c. This valve lift sensor 1 9 detects a valve lift change 
corresponding to a linear change in valve-opening area 
opening to the exhaust gas recirculation passage 13a. 
A vacuum is introduced into the upper vacuum chamber 
1 4f of the valve case from the vacuum pump 1 6 through 
the vacuum passage 15. The control unit 5 controls the 
vacuum controlled electromagnetic valve 17 which 
opens and shuts off the vacuum passage 1 5 to change 
the level of EGR valve drive vacuum in the upper vacu- 
um chamber 14f, so as thereby to cause the valve head 
14c to change the valve-opening area. Specifically, the 
control unit 5 provides a valve drive control signal in the 
form of electric current according to which the level of 
EGR valve drive vacuum, and hence the EGR valve lift, 
varies as shown in Figures 3 and 4, respectively. 

VGT turbo-charger 7 causes super-charged air to 
pass into the cylinders while the engine 1 operates in a 
specified range of high engine load or during accelera- 
tion. As shown in Figures 5 and 6, The VGT turbo-charg- 
er 7 has a turbine housing 7a and a variable vane 7b 
disposed in a scroll 7c. The vane 7b is pivotally mounted 
to move away from and close to the centre of the turbine 
housing 7a so as to vary a cross sectional area A of the 
scroll 7c at the juncture with the turbine housing 7a. If 
the distance from the centre of the turbine housing to 
the centroid of area is R, the A divided by R, which is 
used to size turbine housings, determines gas flow for 
a given turbine wheel. An A/R ratio becomes lower as 
the vane 7b is moved further from the centre of the tur- 
bine housing 7a as shown in Figu re 5, providing a higher 
super-charging efficiency and, on the other hand, be- 
comes higher as the vane 7b is moved closer to the cen- 
tre of the turbine housing 7a as shown in Figure 6, pro- 
viding a lower super-charging efficiency. 

Control of the fuel direct injection engine 1 , in par- 
ticular through EGR valve 14, VGT turbo-charger 7 and 



fuel injectors 4, is performed by a programmed micro- 
processor of the control unit 5. 

As seen in Figure 49 showing an EGR ratio, which 
is the amount of exhaust gas recirculation divided by the 

5 total amount of exhaust gas, and a deviation ratio, which 
is the amount of fresh intake air divided by the average 
amount of fresh intake air for each cylinder, it is proved 
that there is variation for the four cylinders even while 
an opening or valve lift of the EGR valve 14 remains 

10 unchanged. More specifically, the amount of fresh in- 
take air is smaller for a cylinder which is super-charged 
with a higher EGR ratio and is, however, larger for a cyl- 
inder which is super-charged with a lower EGR ratio. 
This is regarded as a result from variation in not only 

15 recirculation properties but also intake properties for the 
four cylinders. For this reason, in exhaust gas recircu- 
lation control, the amount of exhaust gas recirculation 
is basically controlled according to the amount of fresh 
intake air introduced independently into every cylinder 

20 so as to deliver a target air-fuel ratio common to all of 
the four cylinders. This means not equalising ratios of 
the amount of exhaust gas recirculation to the amount 
of fresh intake air for the four cylinders but equalising 
and bringing air-fuel ratios for the four cylinders to a 

25 specified air-fuel ratio as a target. 

Referring to Figure 7, the control unit 5 bears vari- 
ous maps, such as a torque map 31 in which an optimum 
target engine output torque TTrq is experimentally spec- 
ified with respect to the pedal stroke Acel and engine 

30 speed Ate, fuel injection maps 32 in which an optimum 
target amount of fuel injection TF is experimentally 
specified with respect to target engine output torque 
TTrq and the amount of fresh intake air Fair (which does 
not include the amount of fuel), and an air-fuel ratio map 

35 33 jn which an optimum target air-fuel ratio TA/F\s ex- 
perimentally specified with respect to engine speed Ne 
and target engine output torque TTrq t in a memory. The 
target air-fuel ratio TA/F is used as a basic value on 
which the amount of exhaust gas recirculation neces- 

40 sary to reduce both NOx emissions and smoke is deter- 
mined. That is, as shown by the relationship between 
air-fuel ratio A/F and NOx content of exhaust gas by way 
of example in Figure 8, there is a tendency for an NOx 
content of exhaust gas to increase as an air-fuel ratio 

45 a/F increases. Accordingly, lowering the air-fuel ratio, 
namely enriching an air-fuel mixture, by increasing the 
amount of exhaust gas recirculation yields a decrease 
in NOx emissions. However, as seen in Figure 9 show- 
ing the relationship between air-fuel ratio A/F and smoke 

50 value BU, the amount of smoke sharply increases as 
the air-fuel ratio is lowered beyond a specific ratio. It is 
derived from this that there is a limit to causing an in- 
crease in the amount of exhaust gas recirculation and 
consequently it is necessary to control the amount of 

55 exhaust gas recirculation with a target air-fuel ratio 
which is higher than a critical ratio at which a sharp in- 
crease in the amount of smoke occurs but as small as 
possible. 
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In the case where the amount of fresh intake air Fair 
detected by the air flow sensor 6 is used to control the 
fuel direct injection engine 1 equipped with the EGR 
valve 14, VGT turbo-charger 7 and fuel injectors 4, a 
target engine output torque TTrq is determined based 
on the pedal stroke Acel and the engine speed Ne with 
reference to the torque map 31 in function block 41 and 
an amount of fuel injection Fis subsequently determined 
based on the target engine output torque TTrq and en- 
gine speed Ate with reference to one of the fuel injection 
maps 32 according to the amount of fresh intake air Fair 
detected by the air flow sensor 6 in function block 42. 
Either one of the amounts of fresh intake air Fair detect- 
ed by the air flow sensor 6 and the 0 2 sensor 9, respec- 
tively, is selected through a function block 34. At the 
same time, a target air-fuel ratio TA/F satisfying the con- 
dition that it is higher than a critical ratio but as small as 
possible is determined based on the target engine out- 
put torque TTrq and engine speed Ate with reference to 
the air-fuel ratio map 33 function block 43. These target 
amount of fuel injection TFand target air-fuel ratio TAJ 
Fare used to determine a target amount of fresh intake 
air TFA to be introduced during the feedback control 
(performed in function block 45) in function block 44. 
Controlling of the amount of fresh intake air Fair, which 
is just equivalent to feedback controlling of the air-fuel 
ratio, is performed by controlling the amount of exhaust 
gas recirculation. In other words, correction or regula- 
tion of the amount of fresh intake air Fair is given by a 
valve lift or opening of EGR valve 14 which is referred 
to as a target valve lift TEGR. 

In the case where the amount of fresh intake air Fair 
used to control the fuel direct injection engine 1 
equipped with the EGR valve 14, VGT turbo-charger 7 
and fuel injectors 4 is determined from the oxygen (0 2 ) 
concentration of exhaust gas detected by the 0 2 sensor 
9, the oxygen (0 2 ) concentration of exhaust gas istrans- 
formed to an eventual air-fuel ratio A/F in functional 
block 46. This transformation is made by looking up a 
table stored in a memory of the control unit 5. The 
amount of fresh intake air Fair is determined based on 
these eventual air-fuel ratio A/F and target amount of 
fuel injection TFin function block 47. Similarly to the con- 
trol of fuel direct injection engine 1 in which the amount 
of fresh intake air Fair detected by the air flow sensor 6 
is used, the amount of fresh intake air Fair is used to 
determine a target amount of fuel injection 7Fin function 
block 42 for a succeeding routine of control. In function 
block 48, the air-fuel ratio feedback control is performed 
by correcting or regulating the amount of fresh intake air 
Fair is given by controlling the amount of exhaust gas 
recirculation to deliver the target air-fuel ratio TA/F which 
depends upon the valve lift of EGR valve 14. 

Either one of valve lifts determined based on the 
amounts of fresh intake air Fair detected by the air flow 
sensor 6 and the 0 2 sensor 9, respectively, is selected 
in function block 49 and is used in the EGR valve control 
in function block 55. Function block 49 where the selec- 



tion of sensors 6 and 9 is made is interlocked with func- 
tion block 34 where the selection of the amounts of fresh 
intake air is made. 

In the memory of the control unit 5 there is stored a 

5 super-charging efficiency map 51 in which an optimum 
target super-charging efficiency TVGR is experimental- 
ly specified with respect to an engine speed Ne and tar- 
get engine output torque TTrq. A target supercharging 
efficiency TVGT is determined based on an engine 

10 speed Ne and target engine output torque TTrq deter- 
mined with reference to the torque map 31 in function 
block 41 with reference to the super-charging efficiency 
map 51 in function block 52. The VGT turbocharger 7 is 
controlled to deliver the target super-charging efficiency 

is TVGT in function block 56. 

Further, in the memory of the control unit 5 there is 
stored a fuel pressure map 53 in function block 54 in 
which common fuel pressure TCRP is experimentally 
specified with respect to an engine speed Ate and target 

20 engine output torque TTrq. A target common fuel pres- 
sure TCRPls determined based on an engine speed Ne 
and target engine output torque TTrq with reference to 
the torque map 31 in fu nction block 41 . The fuel injection 
pump 24 is controlled to deliver the target common fuel 

25 pressure TCRP in function block 57. A pulse width for 
driving each fuel injector 4 is determined based on com- 
mon fuel pressure OTP detected by the fuel pressure 
sensor 26 and the target amount of fuel injection TFde- 
termined in function 42. The fuel injector 4 is driven with 

30 the pulse to deliver the target amount of fuel injection 
7F in function block 58. 

Control of the fuel direct injection engine 1 depicted 
in Figure 7 is best understood by reviewing Figure 10, 
which is a flow chart illustrating an engine control se- 

35 quence routine for the microprocessor of the control unit 
5. Parameters including an amount of fresh intake air 
Fa/rand a rotated angle of crankshaft CA detected by 
the air flow sensor 6 or the 0 2 sensor 9 and the crank 
angle sensor 23, respectively, are read in at steps S1 

40 and S2, respectively. Based on these parameters Fair 
and CA, an amount of fresh intake air Fair introduced 
into each cylinder is calculated at step S3. Further, pa- 
rameters including an engine speed Ne determined 
based on the rotated angle of crankshaft CA and the 

45 pedai stroke Acel detected by the accelerator pedal 
stroke sensor 27, respectively, are read in at steps S4 
and S5, respectively, to determine a target amount of 
fuel injection TFA at step S6. 

Subsequently, a judgement is made at step S7 as 

so to a shift of engine operation, namely to an ordinary state 
of engine operation which is referred to a lower or a mod- 
erate engine load or to an accelerating state of engine 
operation in which the engine is super-charged by the 
VGT turbo-charger 7. During the ordinary state, a basic 

ss target air-fuel ratio TA/F is established at step S8 to de- 
termine a target amount of fresh intake air TFA at step 
S9. The EGR valve 14 is controlled basically according 
to the target amount of fresh intake air TFA at step S10 
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and subsequently controlled to regulate the amount of 
exhaust gas recirculation for each cylinder according to 
the amount of fresh intake air Fa/rat step S1 1 . This reg- 
ulative control of the EGR valve 14 accomplishes the 
feedback control of air-fuel ratio satisfying the condition 
that it is higher than the critical ratio at which a sharp 
increase in the amount of smoke occurs but as small as 
possible. 

On the other hand, in the accelerating state, a target 
air-fuel ratio for the acceleration state, the EGR valve 
control and the fuel injection control are subsequently 
performed through steps S12 through S14. 

The air flow sensor 6 by which the amount of fresh 
intake are for each cylinder is detected is of what is 
called a fixed temperature hot-film type. Specifically, the 
fixed temperature hot-film type of air flow sensor 6 com- 
prises a heater disposed perpendicularly to an air 
stream in the intake air passage 2a and a hot-film dis- 
posed before and after the heater An intake air backflow 
is detected based on a difference of temperature be- 
tween the hot-films. Figure 11 shows the mass flow rate 
of intake air with respect to time, a shaded part indicating 
the mass flow rate of backflow. It is shown that the mass 
flow rate of intake air introduced into each cylinder 
changes with a change in the mass flow rate of intake 
air backflow. 

Figures 1 2 through 1 5 are flow charts illustrating de- 
tails of the fuel direct injection engine control shown in 
Figure 10. 

Referring to Figure 1 2, which is a sequence subrou- 
tine of the determination of an amount of fresh intake air 
introduced into each cylinder made at step S3 in the fuel 
direct injection engine control shown in Figure 10, in 
which the amount of fresh intake air is detected by the 
air flow sensor 6, the mass flow rate of intake air is in- 
tegrated as an integral value of intake air Q at step S1 02 
with a progress of time which is simultaneously counted 
up as a time Tat step S1 03 until the crankshaft is judged 
to have turned half, i.e. rotated through 180°, at step 
S1 01 . The integration of the mass flow rate of intake air 
is made for each cylinder (i) at step S104. When the 
crankshaft completes a half turn, the integral value of 
intake air Q for each cylinder (i) is taken as an amount 
of intake air Q(i) at step S105, and the time T is taken 
as a crank time T(i) for the cylinder (i) at step S 106. 
Subsequently, an average of the amounts of intake air 
Q(0) to 0(3) for the four cylinders (0) to (3) is calculated 
as a basic amount of intake air Qav at step S107. The 
amount of intake air Qav(i) for each cylinder (i) is calcu- 
lated at step S108 based on the basic amount of intake 
air Qav by the following expression: 

Qav(i) =Qav x Kg + Qav(i-1 ) (1-Kg) 
where 

Kg is a positive constant equal to or less than 1 



(one); and 

Qav(i-1) is the amount of intake air for a cylinder (/- 
1) immediately before the cylinder (i) in intake order. 

5 As shown in Figures 1 2A and 1 2B, when the pedal 
stroke Acel remains changed, the amount of intake air 
Oav(i) introduced into each cylinder (i) has a delay in 
development to the basic amount of intake air Qav, the 
amount of intake air Qav(i) is corrected as above. 

io a change ratio AQ(i) of the amount of intake air Q 
(i) for each cylinder (i) from the amount of intake air O 
(7-7,lforacylinder (7-/; immediately before in intake order 
is calculated at step S109, and a change ratio AT(i) of 
the crank time T(i) for each cylinder (i) from the crank 

15 time TfM,)forthepreviouscylinder T(i-1) is subsequent- 
ly calculated at step S110. A fluctuation index AQt(i)ior 
the amount of intake air in which a time for an intake 
stroke is taken into account is calculated by dividing the 
change ratio A Q(i) of the amount of intake by the change 

20 ratio AT(i) of the crank time T(i) at step Sill. The 
change ratio AT(i) is taken into account to prevent or 
reduce an effect of disturbance due to a change in 
torque, in angular velocity of the crankshaft, as signifi- 
cantly as possible, which proves effective, in particular, 

25 during idling accompanied by a great fluctuation of out- 
put torque. 

Subsequently, at step S1 12, a characteristic of the 
amount of intake air ACQt(i) for each cylinder (i) is de- 
termined based on the fluctuation index ACQt(i) by the 
30 following expression: 

A CQt (i) =AQt (i) x r + A CQt (i) 1 (1-r) 

35 where 

r is a positive constant equal to or less than 1 (one); 
and 

ACQt (if is the previous fluctuation index for the 
^0 amount of intake air. 

As apparent from the above expression, the previ- 
ous fluctuation index is reflected in a specified propor- 
tion on the present fluctuation index, as a result of which 

45 differences regarding to the amount of intake air among 
the cylinders are gradually revealed. 

Figure 1 3 is a flow chart illustrating a sequence rou- 
tine of a decision regarding the accelerating state made 
through steps S5 to S7 in the engine control sequence 

50 routine depicted in Figure 1 0. The decision can be made 
based on a change in pedal stroke >4ce/or a change in 
the amount of fuel injection F. During engine accelera- 
tion, it is necessary to cause a sharp decrease in the 
amount of exhaust gas recirculation to increase the 

55 amount of intake air with an increase in the amount of 
fuel injection. For this demand, the decision is per- 
formed to determine the state of engine operating con- 
dition, namely the ordinary state or the accelerating 
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state. 

After reading in the pedal stroke Acel detected by 
the pedal stroke sensor 27 at step S11 3 (corresponding 
to step S5 in the engine control sequence routine de- 
picted in Figure 10), an amount of fuel injection F is de- 
termined based on the target engine output torque TTrq 
and engine speed Ne with reference to one of the fuel 
injection maps 32 selected according to the amount of 
fresh intake air Fa/rat step S11 4 (corresponding to step 
S6 in the engine control sequence routine depicted in 
Figure 10). A change ratio A>4ce/of the pedal stroke Acel 
(VJfrom a previous pedal stroke Acel(i-J) at step S115. 
A judging pedal stroke accfor a judgement of the accel- 
erating state is determined based on the amount of fuel 
injection Fand the engine speed Ne with reference to a 
judging pedal stroke map (not shown) at step S116. In 
the judging pedal stroke map, the judging pedal stroke 
Acel is experimentally specified and varied greater with 
an increase in engine speed /Vein order to cause a hard 
occurrence of a determination of the accelerating state 
occur hardly but smaller with an increase in the amount 
of fuel injection Fin order to cause an easy occurrence 
of a determination of the accelerating state. Because the 
amount of exhaust gas recirculation is always large dur- 
ing engine operation with low loads, the judging pedal 
stroke accis varied smaller as the amount of fuel injec- 
tion F increases in order to quickly introduce the EGR 
control for a decrease in the amount of exhaust gas re- 
circulation in the event of a great change in pedal stroke. 
An acceleration factor is determined by dividing the ped- 
al stroke change ratio AAcel by the judging pedal strike 
accat step S117. When the acceleration factor is judged 
to be greater than 1 (one) at step S118, this indicates 
that the engine 1 is in the accelerating state, then, a 
valve driving value KTegr during a transition to the ac- 
celerating state is determined based on the acceleration 
factor and the target air-fuel ratio TA/F with reference to 
a valve lift map (not shown) at step S119. In the valve 
lift map, a valve driving value KTegr is experimentally 
specified and varied to provide valve opening smaller 
with an increase in acceleration factor so as to quickly 
reduce the amount of exhaust gas recirculation giving 
the acceleration demand priority over a reduction in NOx 
emissions through the exhaust gas recirculation when 
there occurs a sharp increase in pedal stroke Acel due, 
for example, to quickly depressing the accelerator ped- 
al. While the valve driving value KTegr is determined as 
an estimated value in the case where a judgement of 
the accelerating state is made based on the pedal stroke 
Acel, however, in the case where a judgement of the 
accelerating state is made based on the amount of fuel 
injection F, a practical engine demand for acceleration 
is checked up with the amount of fuel injection and the 
fuel injection control is performed to deliver an amount 
of fuel meeting the engine demand. Specifically, a 
changed ratio of the amount of fuel injection AF relative 
to the previous amount of fuel injection F(i-1) is deter- 
mined at step S120. A judging amount of fuel injection 



Fk for a judgement of the accelerating state is deter- 
mined based on the amount of fuel injection Fand the 
engine speed We with reference to a judging fuel amount 
map (not shown) at step S121. Subsequently, an fuel 

5 injection factor p is determined by dividing the change 
ratio of the amount of fuel injection AF by the judging 
amount of fuel injection FkaX step S122. As a result of 
a comparison of the fuel injection factor p with 1 (one) 
at step S123, the fuel injection control is performed in a 

10 mode for the engine acceleration when the fuel injection 
factor p is greater than 1 (one) or in a mode for the or- 
dinary engine operation when smaller than 1 (one) 
which is shown by a flow chart in Figure 14. 

As shown in Figure 1 4 : when the fuel injection factor 

15 P is smaller than 1 (one), after reading in target engine 
output torque TTrq according to the pedal stroke Acel 
and the engine speed Ne from the torque map 31 
(shown in Figure 7) at step S124 and a target air-fuel 
ratio TA/F according to the target engine output torque 

20 7Trgand the engine speed /Vefrom the air-fuel ratio map 
33 (shown in Figure 7) at step S125, a target amount of 
intake air TQ(i), that is to be introduced into each cylin- 
der (i), is determined by multiplying the target air-fuel 
ratio TA/Fby the amount of fuel injection F at step S1 26. 

25 Subsequently, a difference Qdif(l) of the target amount 
of intake air TQ(i) from the amount of intake air Qai4i) 
is calculated at step S1 27, and then a basic valve driving 
value Tegr for the EGR valve 14 is determined in IPD 
control to remove the difference Qdif(i) at step S128. 

30 The air-fuel ratio that meets a demand for a reduction 
in NOx emissions as well as in the amount of smoke 
differs a little according to engine speed and torque or 
the amount of fuel injection and, however, differs rela- 
tively greatly, in particular, according to whether the en- 

3S gine is super-charged or not. That is, since, while the 
engine 1 is super-charged, fuel is desirably mixed with 
air in the combustion chamber and gases that are left 
not burnt and discharged as smoke are reduced in 
amount, the air-fuel ratio can be more smaller in a super- 

40 charged state in which the engine 1 operates at high 
speeds than in a not super-charged state in which the 
engine 1 operates at low speeds, which is always desir- 
able for reducing NOx emissions. In view of the above 
circumferences, the condition for a judgement of the or- 

45 dinary state of engine operation that, while fuel is deliv- 
ered, an absolute value of the pedal stroke change ratio 
AAcel remains smaller than a threshold ratio ThAceltor 
a specified number n of consecutive control cycles is 
checked up at step S129. This judgement is made with 

so an aim to provide an improvement of emission control 
during idling and during ordinary operation after idling. 
In this instance, the EGR valve 14 is shut off to interrupt 
the exhaust gas recirculation control during decelera- 
tion. 

55 Once the ordinary state has been confirmed, a cor- 
rection valve driving value ATegr(l)1or each cylinder (i) 
is determined based on the characteristic ACQt(i) re- 
garding the amount of intake air and an exhaust gas re- 
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circulation correction gain E(i) at step S 130. The cor- 
rection valve driving value ATegr(i) is given by the fol- 
lowing expression: 

A Tegr(i) = A CQt(i) x E(i) + A Tegr(i) ' 

where ATegr(i)' is the previous correction valve 
driving value. 

In the expression, the characteristic ACOt(i) itself is 
enhanced to further optimise the collection valve driving 
value ATegr(i) according to a difference of the cylinder 
from the remaining cylinders. When the collection valve 
driving values A Tegr for all four cylinders have been de- 
termined, an average collection valve driving value ATe- 
gr-av of the four values ATegr is determined. While the 
average collection valve driving value ATegr-av should 
be 0 (zero), it possibly changes between positive and 
negative values due to various factors as a result of ex- 
ecution of the calculation made at step S130. This 
makes it impossible or hard to achieve the essential aim 
to correctively control the valve driving value for each 
cylinder on the basis of the basic valve driving value Te- 
gr. For this reason, an absolute value of the average 
correction valve driving value ATegr-av is added to the 
correction valve driving values A Tegr(i) for each cylinder 
(i) when it is minus or is subtracted from the correction 
valve driving values ATegr(i) when it is plus. In this way, 
the control is performed to bring the average correction 
valve driving value ATegr-av to 0 (zero) through steps 
S131 and S132 during every cycle. The valve driving 
value Tegr(i) is determined by adding the correction 
valve driving value A Tegr(i) thus determined to the basic 
valve driving value Tegr at step S133. 

When the acceleration factor is judged to be greater 
than 1 (one) at step S118, this indicates that the engine 
1 is in the accelerating state, the valve driving value KTe- 
gr during a transition to the accelerating state is varied 
according to the acceleration factor a and the target air- 
fuel ratio TA/Far\6 the EGR valve 14 is shut off when 
the acceleration factor a takes a large value. Conse- 
quently, in that case, the exhaust gas recirculation is in- 
terrupted with an effect of increasing the amount of in- 
take air introduced into each cylinder, as a result of 
which the engine output is increased without increasing 
smoke even if an increased amount of fuel is delivered. 
However, in this instance, the EGR valve 14 is pre-set 
so as to introduce quickly the control of exhaust gas re- 
circulation thereafter as described below. 

The EGR valve 14 is loaded with a preset driving 
vacuum in the vacuum chamber so that the valve head 
14c biased by a spring 14d is forced down against the 
valve seat with a less pressure even when it closes the 
exhaust gas recirculation passage 13a during the con- 
trol of exhaust gas recirculation. In this manner, the 
spring 14d is balanced with the preset driving vacuum. 
Specifically, as shown in Figure 4, the preset driving vac- 
uum is defined as a vacuum at a moment that the valve 



20 

driving value reaches zero. 

As illustrated by a flowchart in Figure 15, when the 
basic valve driving value Tegr is less than a value Tegr 
(0) which provides a valve lift EGRVIift of zero at step 

5 S134, then, a current valve lift EGRVIift is detected 
based on a signal from the valve lift sensor 19 at step 
S135. The EGR valve 14 is controlled until the current 
valve lift EGRVIift reaches zero through steps S1 36 and 
S 137. In other words, the valve driving vacuum is con- 

10 trolled to drop to the preset valve driving vacuum. When 
the basic valve driving value Tegris greater than the val- 
ue Tegr(O), the EGR valve 14 is regularly controlled. 
The valve lift may be detected based on the valve driving 
vacuum, or otherwise, in the case where the valve driv- 
es ing value is unconditionally related to the valve lift as 
shown in Figure 16, the valve driving value may be de- 
tected to judge the EGR valve 14 in the preset position. 
In this instance, the valve driving value may be the valve 
driving vacuum or the duty ratio of an electromagnetic 

20 valve for controlling the valve driving vacuum. Accord- 
ingly, even if the exhaust gas recirculation is interrupted 
in order to improve the responsiveness of the engine to 
a demand for acceleration when a transition from the 
ordinary state to the accelerating state occurs, the pre- 

25 set vacuum causes the EGR valve 1 4 to resume the ex- 
haust gas recirculation quickly without a delay in re- 
sponse according to an increase in valve driving value 
and to reach an opening corresponding to the valve driv- 
ing value Tegr, which is always desirable to lower NOx 

30 emissions. 

Figure 17 shows a turbo-charged engine equipped 
with an exhaust gas recirculation system 13 which has 
a parallel arrangement of exhaust gas recirculation 
valves in accordance with another embodiment of the 

35 invention. The exhaust gas recirculation system 1 3 has 
two branch passages 1 3A and 1 3B branching off from 
an upstream part of a common exhaust gas recirculation 
passage 1 3a and merging with an down stream part of 
the common exhaust gas recirculation passage 13a. 

40 These branch passages 1 3A and 1 3B are provided with 
EGR valves 1 4A and 1 4B, respectively. The branch pas- 
sage 1 3A has a cross-sectional area smaller than the 
branch passage 1 3B. The EGR valve 14A is of a linearly 
variable type of electromagnetic valve, and the EGR 

45 valve 14B is of an ON-OFF type of electromagnetic 
valve. 

Control of the exhaust gas recirculation system 13 
having the linearly variable EGR valve 1 4A and the ON- 
OFF EGR valve 1 4B is performed following a flow chart 

50 shown in Figure 18. 

As shown, after detecting a current valve driving 
vacuum Pegr of the linearly variable EGR valve 14A 
based on a signal from a vacuum sensor 1 8 at step S201 
and reading a target valve driving vacuum TPegr from 

55 a vacuum map in which target valve driving vacuum is 
specified with respect to target valve driving value KTegr 
at step S202, a judgement is made at step S203 as to 
the difference of the current valve driving vacuum Pegr 
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from the target valve driving vacuum TPegr. The ON- 
OFF EGR valve 14B is closed when the vacuum differ- 
ence (Pegr - TPegr) is greater than a specified vacuum 
THopen at step S204 or is opened when the vacuum 
difference (Pegr - TPegr) is smaller than the specified 
vacuum THopen at step S205. 

As was previously described, when the engine op- 
erating state changes from the ordinary state to the ac- 
celerating state, the amount of exhaust gas recirculation 
is decreased by changing the valve driving value from 
Tegr to KTegr with the result of the vacuum difference 
(Pegr - TPegr) increased above the specified vacuum 
THopen. The ON-OFF EGR valve 14B is immediately 
closed. Accordingly, a decrease in the amount of ex- 
haust gas recirculation occurs quickly, providing a sharp 
increase in the amount of intake air with an effect of im- 
proving the responsiveness of the engine to a demand 
for acceleration. At this time, the linearly variable EGR 
valve 14A is controlled to open to a restricted opening 
based on the valve driving value KTegr set for a transi- 
tion to the accelerating state, preventing an occurrence 
of an increase in NOx emissions in excess. On the other 
hand, while the engine operates in the ordinary state, 
the ON-OFF EGR valve 14B remains opened, and the 
linearly variable EGR valve 14A is controlled to vary the 
opened area of the exhaust gas recirculation passage 
13a, regulating the flow of exhaust gas. 

Figure 19 shows an EGR valve 14 having parallel 
vacuum passages 15a and 15b branching off from a 
vacuum passage 15. The vacuum passage 15a has a 
cross-sectional area smaller than the branch passage 
1 5b. The vacuum passage 1 5a is connected to a linearly 
variable electromagnetic valve 17, and the vacuum pas- 
sage 15b is connected to an ON-OFF electromagnetic 
valve 61. During a transition to the accelerating state, 
the EGR valve 1 4 needs to open quickly so as to provide 
a quick increase in the amount of intake air. This is re- 
alised by introducing the atmospheric pressure into the 
vacuum chamber of the EGR valve 14. However, be- 
cause the linearly variable valve 17 is equipped with a 
throttle in a relief passage opening to the atmosphere 
for stable operation, it takes a time for the vacuum cham- 
ber to reach the level of atmospheric pressure. For this 
reason, the EGR valve 14 is equipped with the ON-OFF 
valve 61 to bring the interior of the EGR valve 1 4 to the 
level of atmospheric pressure. 

Control of the exhaust gas recirculation system 13 
having the EGR valve 14 which is equipped with the par- 
allel vacuum passages 15a and 15b is performed fol- 
lowing a flow chart shown in Figure 20. 

As shown in Figure 20, after detecting a current 
valve driving vacuum Pegroi the EGR valve 14 based 
on a signal from a vacuum sensor 1 8 at step S 301 and 
reading a target valve driving vacuum TPecrfrom a vac- 
uum map in which target valve driving vacuum is spec- 
ified with respect to target valve driving value KTegr at 
step S302, a judgement is made at step S303 as to the 
difference of the current valve driving vacuum Pegr\ rom 



the target valve driving vacuum TPegr. The ON-OFF 
valve 61 is opened when the vacuum difference (Pegr 
Tpegr) is greater than a specified vacuum THVopen at 
step S304 or is closed when the vacuum difference 
s (Pegr- TPegr) is smaller than the specified vacuum TH- 
Vopen at step S305. Accordingly, when there is an en- 
gine demand for closing the EGR valve 14 and there is 
a great vacuum difference (Pegr - TPegr), the ON-OFF 
valve 61 opens to introduce the atmospheric pressure 
or super-charged air into the vacuum chamber through 
the vacuum passage 15b, causing the EGR valve 14 to 
close quickly 

Figure 21 shows partly an exhaust gas recirculation 
system 13 which has a series arrangement of exhaust 
gas recirculation valves in accordance with another em- 
bodiment of the invention. The exhaust gas recirculation 
system 13 has an exhaust gas recirculation passage 
13a equipped with two EGR valves 14A and 14B ar- 
ranged in series. The EGR valve 1 4A is of a continuous- 
ly variable type of electromagnetic valve, and the EGR 
valve 14B is of an ON-OFF type of electromagnetic 
valve. 

Control of the exhaust gas recirculation system 1 3 
having the continuously variable EGR valve 1 4A and the 
ON-OFF EGR valve 14B is performed following a flow 
chart shown in Figure 22. 

As shown, after detecting the difference of the cur- 
rent amount of intake air Gerrat step S401 and reading 
a threshold difference THQerr with respect to the 
amount of fuel injection Fand the engine speed A/ef rom 
a map at step S402, a judgement is made at step S403 
as to whether the difference Oerris less than the thresh- 
old difference THQerr. The threshold difference THQerr 
is relating to the degree of a demand for acceleration 
and becomes smaller as the amount of fuel injection F 
increases or as the engine speed Ne decreases. The 
ON-OFF EGR valve 14B remains opened at step S404 
when the difference Oerris less than the threshold dif- 
ference THQerr, and is closed at step S405 when the 
difference Qerr is less than the threshold difference 
THQerr. In this manner, when there is a strong demand 
for acceleration, the ON-OFF valve 14b immediately 
closes the exhaust gas recirculation passage 13a, pro- 
viding a sharp increase in the amount of intake air, as a 
result of which, while intake air is quickly increased to 
restrain generation of smoke, the engine 1 is duly ac- 
celerated due to an increase in fuel injection. 

When it is determined that the engine is in the ac- 
celerating state as a result of a comparison of the fuel 
injection factor 1 3 with 1 (one) at step S123 in the flow 
chart shown in Figure 13, the fuel injection control and 
exhaust gas recirculation control is performed through 
steps of a flow chart shown in Figure 23. 

As shown in Figure 23, when it is determined that 
55 the engine 1 is in the accelerating state, a target air-fuel 
ratio KTA/F for a transition to the accelerating state 
(which is referred to as an on-transition target air-fuel 
ratio) is determined based on changes in the fuel injec- 
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tion factor p the amount of fuel injection Fand the engine 
speed A/eat step S 1 38. This on-transition target air-fuel 
ratio KTA/F \s established to be larger when the engine 
is in the accelerating state than when in the ordinary 
state so as to provide an increase in engine output 
torque quickly together with restraining generation of 
smoke by decreasing the amount of exhaust gas recir- 
culation. For this reason, the on-transition target air-fuel 
ratio KTA/F is set to be larger according to amounts of 
fuel injection Fas engine load becomes lower, or as the 
injection factor p becomes larger, or the engine speed 
Ne becomes lower. Subsequently, a target amount of 
intake air TO for a transition to the accelerating state 
(which is referred to as an on-transition target amount 
of intake air) is determined based on the on-transition 
target air-fuel ratio KTA/F and the amount of fuel injec- 
tion Fat step S139. In the same manner of determining 
an EGR driving value in the ordinary state, an EGR driv- 
ing value is determined based on the on-transition target 
amount of intake air TO. The EGR valve 14 is driven 
with the driving value to reduce the amount of exhaust 
gas recirculation quickly. As a result, the energy of an 
increased amount of exhaust gas is introduced into the 
VGT turbo-charger 7, increasing the amount of intake 
air quickly, which prevents the engine 1 from delaying 
in response to stepping-on the accelerator pedal or pro- 
ducing a turbo-lag. 

When the accelerator pedal is stepped on with an 
effect of an increase in the amount of fuel injection, the 
air-fuel ratio becomes smaller, which is always undesir- 
able to restrain generation of smoke. For this reason, 
an increase in the amount of fuel injection is temporarily 
restrained by setting a limit air-fuel ratio LimA/FXo gen- 
eration of a limited amount of smoke. The limit amount 
of smoke is determined to be lower in the accelerating 
state than in the ordinary state and is at, for example, a 
level of smoke generation 2BU which has no effect to 
an increase in engine output torque. The relationship 
between the target air-fuel ratio WFfor the ordinary 
state, the on-transition target air-fuel ratio KT/VFandthe 
limit air-fuel ratio LimA/F \s shown in Figure 24. Basical- 
ly, the on-transition target air-fuel ratio KTA/F \s set larg- 
er than the target air-fuel ratio TA/F, and the limit air-fuel 
ratio LimA/F is set smaller than the target air-fuel ratio 
TA/F Further, the limit air-fuel ratio LimA/F is basically 
made larger as the amount of fuel injection increases 
and is however made smaller as the engine speed in- 
creases. 

After determining a limit air-fuel ratio LimA/F based 
on the amount of fuel injection Fand the engine speed 
Ne at step S 140, a limit to the amount of fuel injection 
LimF is determined by dividing the current amount of 
intake air O(i) by the limit air-fuel ratio LimA/F at step 
S141 , and the smallest one is selected among the basic 
amount of fuel injection F f the limit amount of fuel injec- 
tion LimF and an maximum amount of fuel injection 
MaxFand employed as a target amount of fuel injection 
TF at step S 142. The basic amount of fuel injection F 



is unconditionally determined based on the engine 
speed Ne and the pedal stroke Acel, and the maximum 
amount of fuel injection MaxF takes a value as large as 
the engine 1 operates without being damaged. As de- 

s scribed above, even if the amount of exhaust gas recir- 
culation is lowered during a transition to the accelerating 
state, an increase in the amount of fuel injection in ex- 
cess is prevented, while restraint of generation of smoke 
in excess is prevented, a demand for acceleration is sat- 

10 isfied 

As shown in Figures 23A, 23B and 23C show a 
change in the amount of fuel injection and a change in 
the target amount of fuel injection with respect to oper- 
ation of the accelerator pedal. 

15 Figure 25 shows a flow chart illustrating a sequence 
routine of concurrent control of the exhaust gas recircu- 
lation and fuel injection in which the amount of fuel in- 
jection is controlled based on a target air-fuel ratio. 
As shown in Figure 25, when it is determined that 

20 the engine is in the accelerating state as a result of a 
comparison of the fuel injection factor p with 1 (one) at 
step S123 in the flow chart shown in Figure 13, an on- 
transition target air-fuel ratio KTA/F used in the exhaust 
gas recirculation control during a transition to the accel- 

25 erating state is determined based on changes in the fuel 
injection factor p, the amount of fuel injection Fand the 
engine speed Ne at step P101 . This on-transition target 
air-fuel ratio KTA/F is established to be larger when the 
engine is in the accelerating state than when in the or- 

30 dinary state. 

Stepping-on the accelerator pedal causes an in- 
crease in the amount of fuel injection with an effect of a 
rise of air-fuel ratio, which is always undesirable for re- 
straint of generation of smoke. Therefore, an on-transi- 

35 tion target air-fuel ratio KTVFused in the fuel injection 
control during a transition to the accelerating state is de- 
termined based on changes in the amount of fuel injec- 
tion Fand the engine speed Nei rom a map at step P1 02. 
In the map, an optimum on-transition target air-fuel ratio 

40 KTA/F is experimentally specified with respect to 
amounts of fuel injection Fand engine speeds Ne. The 
on-transition target air-fuel ratio KTA/F is set smaller 
than the target air-fuel ratio TA/F The critical amount of 
smoke based on which the on-transition target air-fuel 

45 ratio KTA/F is determined is greater than that for the or- 
dinary state and is at, for example, a level of generation 
of smoke 2BU 

For the exhaust gas recirculation control, after de- 
termining a target amount of intake air TO by multiplying 

50 the on-transition target air-fuel ratio KTA/F by the 
amount of fuel injection Fat step P103, a target valve 
driving value KTegr is determined and the EGR valve 
14 is driven with the driving value to reduce the amount 
of exhaust gas recirculation quickly at step P104. As a 

55 result, the energy of an increased amount of exhaust 
gas is introduced into the VGT turbo-charger 7, increas- 
ing the amount of intake air quickly, which prevents the 
engine 1 from delaying in response to stepping-on the 
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accelerator pedal or producing a turbo-lag. On the other 
hand, for the fuel injection control, after determining an 
on-transition amount of fuel injection KF by dividing the 
target amount of intake air TO by the on-transition target 
air-fuel ratio KTA/F at step P1 05, either one of these on- 
transition amount of fuel injection KF and maximum 
amount of fuel injection MaxF which is smaller than the 
other is selected as a target amount of fuel injection TF 
at step P106. In this way, fuel of which the amount is 
larger during the transition to the accelerating state than 
during the ordinary state is positively delivered to such 
an extent that generation of an excessive amount of 
smoke is prevented and, as a result, the engine enjoys 
improved performance of acceleration due to an in- 
crease in energy of exhaust gas directed to the VGT tur- 
bo-charger 7 as well as providing increased output 
torque. 

In the control of the VGT turbo-charger 7 in the case 
where it is determined that the engine is in the acceler- 
ating state as a result of a comparison of the fuel injec- 
tion factor p with 1 (one) at step S123 in the flow chart 
shown in Figure 13, a target super-charging efficiency 
TVGTis determined based on the target engine output 
torque TTrq and the engine speed Ne from the super- 
charging efficiency map 51 and the VGT turbo-charger 
7 is controlled to attain the A/R ratio by turning the vane 
7b to a position corresponding to the target super-charg- 
ing efficiency TVGT. With such control, during acceler- 
ation , even when the energy of exhaust gas recirculating 
into the VGT turbo-charger 7 has been reduced, the tar- 
get super-charging efficiency TVG Tope rates with an in- 
creased super-charging efficiency due to a lowered A/ 
R ratio, increasing the amount of intake air as much as 
the engine operates with the expected performance of 
acceleration. 

Advancing control of fuel injection timing is also per- 
formed during a transition to the accelerating state. 
While the engine is in the ordinary state, the fuel injec- 
tion timing is significantly retarded from a minimum ad- 
vance for best torque (MBT) and is gradually advanced 
as the amount of fuel injection increases. However, in 
the case where rt is determined that the engine is in the 
accelerating state as a result of a comparison of the fuel 
injection factor p with 1 (one) at step S 123 in the flow 
chart shown in Figure 1 3, the fuel injection timing is fur- 
ther advanced according to the fuel injection factor p 
from a corresponding fuel injection timing during the or- 
dinary state. Advancing the fuel injection timing causes 
a delay in fuel ignition, which is accompanied by an ef- 
fect of providing an improving mixture of fuel and air, 
and hence prompt combustion. As a result, there occurs 
an increase in NOx emissions but a restraint of smoke 
generation. However, because the air-fuel ratio has 
been lowered due to a large amount of exhaust gas re- 
circulation into the engine during a transition to the ac- 
celerating state, the advance of fuel injection timing is 
not accompanied by an increase in NOx emissions in 
excess but provides an effect of restraining smoke gen- 



eration. 

Control of the exhaust gas recirculation may be per- 
formed in the case where a determination of a transition 
to the accelerating state is made based on the fuel in- 
s jection factor p in the same manner as in the case where 
the determination is made based on the acceleration 
factor a. Similarly, the concurrent control of the exhaust 
gas recirculation and fuel injection may be performed in 
the case where a determination of a transition to the ac- 
10 celerating state is made based on the acceleration fac- 
tor in the same manner as in the case where a determi- 
nation of a transition to the accelerating state is made 
based on the fuel injection factor p. 

Each of the air flow sensor 6 and the linear 0 2 sen- 
15 sor 9 is put to its proper use. The air flow sensor 6 gen- 
erally has a detection error AQ which becomes greater 
with an increase in the amount of intake air Q and, how- 
ever, rises at a change rate smaller than a change rate 
of the amount of intake air O as shown in Figure 26. 
20 Therefore, as shown in Figure 27, the error ratio which 
is defined by AQ/O is high in a region of lower flow rates 
and low in a region of higher flow rates. The linear 0 2 
sensor 9 has an error ratio E which rises with a rise in 
air-fuel ratio as shown in Figure 28. The amount of in- 
2£ take air Q found based on an output signal from the lin- 
ear 0 2 sensor 9 is not for a cylinder now in an intake 
stroke but for a cylinder whose intake stroke is ahead of 
the intake stroke of the cylinder now in the intake stroke. 
In these circumstances, in order to make their advanta- 
ge geous properties, these sensors 6 and 9 are selectively 
put to their proper use according to engine operating 
states and their accuracy to detect the amount of intake 
air into each cylinder. 

Figure 29 shows a flow chart illustrating a sequence 
35 routine of selection of the sensors 6 and 9 in the case 
where it is determined that the engine is in the acceler- 
ating state. When it is determined that the engine is in 
the accelerating state at step S501 , the air flow sensor 
6 is selected in function block 49 (see Figure 7) for use 
40 to perform the exhaust gas recirculation control during 
a transition to the accelerating state to control the air- 
fuel ratio A^Fthrough steps S502 to S504. As was pre- 
viously mentioned, the flow rate of intake air detected 
by the linear 0 2 sensor 9 is for a cylinder not in an intake 
45 stroke, the linear 0 2 sensor 9 provides an output signal 
with a delay. However, the air flow sensor 9 provides a 
real time output signal, it is realised to lower the amount 
of exhaust gas recirculation during a transition to the ac- 
celerating state, as a result of which, the engine is ac- 
50 celerated with improved responsiveness. 

When it is determined that the engine is in the ordi- 
nary state at step S501 , either one of the sensors 6 and 
9 is selected at step S505 as will be described later. Sub- 
sequently, a judgement is made at step S506 as to 
55 whether the linear 0 2 sensor 9 has been selected. When 
the linear 0 2 sensor 9 has been selected, a current air- 
fuel ratio AJF is determined based on the oxygen (O^ 
concentration of the exhaust gas represented by an out- 
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put signal from the linear 0 2 sensor 9 at step S507. The 
air-fuel ratio A/F\s specified with respect to oxygen (0 2 ) 
concentrations in a map such as shown in Figure 30. An 
amount of intake air O introduced into each cylinder is 
determined based on the air-fuel ratio A/F and the s 
amount of fuel Fdelivered into a cylinder which achieved 
its intake stroke ahead several cylinders. The amount 
of intake air Q determined based on the output signal 
from the linear 0 2 sensor 9 is employed to perform the 
exhaust gas recirculation control during the ordinary 
state and thereby to control the air-fuel ratio /4/Fthrough 
steps S509 to SS1 1 . On the other hand, when the air flow 
sensor 9 has been selected, the amount of intake air O 
determined based on the output signal from the airflow 
sensor 6 is employed to perform the exhaust gas recir- 
culation control during the ordinary state and thereby to 
control the air-fuel ratio A/F through steps S512, S513 
and S511 . As described, one of the two sensors 6 and 
9 which is more precise than the other is selected during 
the ordinary state, which is desirable for performing the 
air-fuel ratio control with an aimed effect. Further, there 
is no problem in the air-fuel ratio control during the or- 
dinary state even with in the case of selection of the lin- 
ear 0 2 sensor 9. 

Figure 31 shows a flow chart illustrating the se- 
quence routine of sensor selection. 

As shown in Figure 31 , after determining engine op- 
erating conditions including an current pedal stroke and 
an current engine speed at step S601 , the air flow sen- 
sor 6 is selected when an air flow rate AFrate is less 
than a threshold rate TH AFrate through steps S602 and 
S603. Since the error ratio AQ/Q is small for large 
amounts of intake air as apparent from Figure 27, de- 
tection of the amount of intake air is precise, as a result 
of which, real time air-fuel control is executed. 

Figure 32 shows a map of regions of engine oper- 
ating conditions. A shaded part indicates a region with 
respect to engine load and speed in which lower airflow 
rates are needed. Basically, the air flow sensor 6 is se- 
lected in a region of higher engine speeds, and the linear 
0 2 sensor 9 is selected in a region of lower engine 
speeds. 

In the region in which small air flow rates are need- 
ed, an air flow detection error AFSerror is determined at 
step S604 based on the air flow rate with reference to 
the error ratio map shown in Figure 27. Subsequently, 
after determining an oxygen (0 2 ) concentration OXcon 
of the exhaust gas based on an output signal from the 
linear 0 2 sensor 9 at step S605, a judgement is made 
at step S606 as to whether the oxygen (0 2 ) concentra- 
tion OXcon is higher than a threshold concentration 
THOXcon. When the oxygen (0 2 ) concentration OXcon 
is higher than the threshold concentration THOXcon, 
the air flow sensor 6 is selected at step S603. On the 
other hand, when the oxygen (0 2 ) concentration OXcon 
is less than the threshold concentration THOXcon, after 
determining an oxygen (0 2 ) concentration detection er- 
ror OXSerror based on the oxygen (0 2 ) concentration 



with reference to the error ratio map shown in Figure 28 
at step S607, a judgement is subsequently made at step 
S608 as to whether the oxygen (0 2 ) concentration de- 
tection error OXSerror is larger than the air flow detec- 
tion error AFSerror. In the event where the oxygen (0 2 ) 
concentration OXcon is higher than the threshold con- 
centration THOXcon, this indicates that the engine op- 
erates in a region in which the air-fuel ratio is higher than 
a specified ratio A/F of, for example, 40 beyond a ratio 
represented by an air excess factor X of 1 (one), then, 
the air flow sensor 6 is selected to detect an air flow rate. 
This is because the linear 0 2 sensor 9 has relatively 
large detection errors in the region as apparent from Fig- 
ure 28. On the other hand, oxygen (0 2 ) concentration 
OXcon is higher than the threshold concentration 
THOXcon, the oxygen (0 2 ) concentration detection er- 
ror OXSerror and the air flow detection error AFSerror 
are compared with each other. When the oxygen (0 2 ) 
concentration detection error OXSerror is larger than 
the air flow detection error AFSerror, the air flow sensor 
6 is selected at step S603, When the oxygen (0 2 ) con- 
centration detection error OXSerror \s smaller than the 
air flow detection error AFSerror, the linear 0 2 sensor 9 
is selected at step S609. As described, while the linear 
0 2 sensor 9 which has a high measuring accuracy is 
used to detect an air flow rate in the region of lower air 
flow rates, when the air-fuel ratio is higher than a spec- 
ified ratio or in a region of air-fuel ratios in which the 
linear 0 2 sensor 9 has relatively large measuring errors, 
the air flow sensor 6 is used to optimise the air-fuel con- 
trol. 

The air flow sensor 6 may be used in an idling region 
or a low load driving region in which the air-fuel ratio A/ 
Fchanges larger and exceeds, for example, 40, and the 
linear 0 2 sensor 9 may be used when the air-fuel ratio 
A/F\s changed smaller by increasing the amount of ex- 
haust gas recirculation to reduce NOx emissions in 
those regions, in particular, the idling region. 

There are variations in EGR ratio among the cylin- 
ders. Recirculation of exhaust gas is caused by a differ- 
ence between pressure in the intake air passage 2a and 
the exhaust gas passage 3a. In the case where the ex- 
haust gas recirculation system 13 has a single exhaust 
gas recirculation passage 1 3a as shown in Figure 1 , the 
pressure (In) in the intake air passage 2a at a juncture 
with the exhaust gas recirculation passage 13a and the 
pressure (Ex) in the exhaust gas passage 3a at a junc- 
ture with the exhaust gas recirculation passage 1 3a vary 
with a change in crank angle while the engine operates 
at approximately 2,000 rpm shown in Figure 34. A 
change in pressure difference (In-Ex) with respect to 
crank angle is shown in Figure 35. As shown by a broken 
line in Figure 36, the exhaust gas is intermittently intro- 
duced into the intake air passage 2a due to generation 
of the pressure difference. In Figure 36, the amount of 
intake air including exhaust gas introduced into the in- 
take air passage 2a is shown by a solid line. The intake 
air pressure (In) and the exhaust gas pressure (Ex) 
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while the engine operates at approximately 1 ,500rpm 
and at approximately 1 ; 000rpm are shown in Figures 37 
and 38, respectively. As apparent as compared with Fig- 
ure 34, the intake air pressure (In) and the exhaust gas 
pressure (Ex) change in different patterns according to s 
engine speeds. As understood from Figure 39 which 
shows changes in pressure difference for engine 
speeds of 2,000 rpm, 1 ,500 rpm and 1 ,000 rpm, peaks 
of the pressure occur at crank angles different according 
to engine speeds and have different peak values ac- 
cording to engine speeds. Further, at some crank an- 
gles, the peak is inverted in peak value between these 
engine speeds according to crank angles. For example, 
the peak value at a crank angle of approximately 180 is 
higher at an engine speed of 1 ,500 rpm than at an en- 
gine speed of 1 ,000 rpm and the peak value at a crank 
angle of approximately 540 is higher at an engine speed 
of 1,000rpm than at an engine speed of 2,000 rpm. 

Figure 40 shows changes in EGR ratio with respect 
to engine speed for the respective cylinders #0, #1, #2 
and #3, in which a broken line shows the EGR ratio for 
each cylinder of the engine equipped with the exhaust 
gas recirculation system of the invention and a solid line 
shows the EGR ratio for each cylinder of the engine 
equipped with an prior art exhaust gas recirculation sys- 
tem. As seen in Figure 40, while the EGR ratios for the 
cylinder #0, #1 , #2 and #3 of the engine equipped with 
the prior art exhaust gas recirculation system have their 
peak at an engine speed of approximately 1,500 rpm, 
however, only the EGR ratio for the cylinder #1 has its 
peak at an engine speed of approximately 2,000 rpm. 
Further, there is a wide variation in EGR ratio among the 
cylinders. This is the variation that the exhaust gas re- 
circulation system 1 3 of the invention aims to eliminate. 

In order to eliminate the wide variation in EGR ratio, 
there is provided a correction map in which a correction 
factor for a valve driving value Tegr(i) is experimentally 
specified with respect to engine speed for each cylinder. 
The correction factor is determined based on an engine 
speed with reference to the correction map to correct 
the valve driving value Tegr(i). The utilisation of the cor- 
rection factor for a valve driving value Tegr(i) eliminates 
variations in EGR ratio among the cylinders and brings 
an air-fuel ratio for each cylinder to the target air-fuel 
ratio TA/F with an effect of both reducing NOx emissions 
and restraining generation of smoke. 

Figure 41 shows an engine equipped with an ex- 
haust gas recirculation system 1 3 having two independ- 
ent exhaust gas recirculation passages 1 3A and 1 3B 
each of which is provided with EGR valves 1 4A and 1 4B, 
respectively. These EGR valves 14A and 14B are inde- 
pendently driven by separate actuators (not shown). 
The exhaust gas recirculation passages 13A and 13A 
are connected to an intake air passage 2a at different 
positions and also connected to an exhaust manifold 3a 
at different positions. 

While variations in EGR ratio among cylinders oc- 
cur due pulsations of an intake air stream and an ex- 



haust gas stream, the pulsations show different patterns 
according to a juncture of the exhaust gas recirculation 
passage with the intake air passage or the exhaust gas 
passage. The exhaust gas recirculation system 1 3 in ac- 
cordance with the embodiment utilises different patterns 
of pulsation of intake air and exhaust gas streams ac- 
cording to junctures of the two exhaust gas recirculation 
passage with the intake air passage and the exhaust 
gas passage. With the exhaust gas recirculation system 
1 3, variations in EGR ratio among the cylinders are elim- 
inated by bringing selectively one or both of the exhaust 
gas recirculation passages 13A and 13B into effect ac- 
cording to engine speed. 

The available engine operating region is divided by 
a basic speed region exchange engine speed EXCNe, 
for example 1 ,500 rpm, into two regions, namely a lower 
speed region Nel and a higher speed region Ne2, as 
shown in Figure 42. There are provided hysteresis 
zones HYSNel and HYSNe2 on opposite sides of the 
basic speed region exchange engine speed EXCNe. 
These zones HYSNe and HYSNe2 have fixed bounda- 
ries defined at speeds shifted from the basic speed re- 
gion exchange engine speed EXCNeby speeds THNel 
and THNe2, respectively. The exhaust gas recirculation 
passage 1 3A is brought into effect while the engine op- 
erates in the lower speed region Ate 7, and the exhaust 
gas recirculation passage 13B is brought into effect 
while the engine operates in the higher speed region 
Ne2. 

Figure 43 shows a flow chart illustrating the se- 
quence routine of exhaust gas recirculation passage ex- 
change control. 

As shown in Figure 43, while the engine is in the 
ordinary state, the engine is assumed to be in the lower 
speed region Ate 7 at step S701, and a current engine 
speed Ate is detected at step S702. Subsequently, a 
judgement is made at step S703 as to whether the en- 
gine 1 is operating in the lower speed region Ate 7. At the 
beginning, the engine 1 is operating in the lower speed 
region Ate 7, then an engine speed for exchange of 
speed regions (which is hereafter referred to as a speed 
region exchange engine speed) EXCNel is established 
by adding the upper extreme THNel to the basic speed 
region exchange engine speed EXCNe at step S704. 
As result of a comparison of the current engine speed 
Ne with the speed region exchange engine speed 
EXCNel at step S705, when it is found that the current 
engine speed Ne is greater than the speed region ex- 
change engine speed EXCNel, after selecting the 
speed region Ate2at step S706, the EGR control is per- 
formed mainly for the EGR valve 14Aand subordinately 
for the EGR valve 14B at step S707, which will be de- 
scribed later. On the other hand, when the current en- 
gine speed Ne is less than the speed region exchange 
engine speed EXCNel , the EGR control is performed 
mainly for the EGR valve 1 4B and subordinately for the 
EGR valve 1 4A without exchanging the speed regions 
from one to another at step S708. 
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On the other hand, when the engine 1 is operating 
not in the lower speed region Ne1 but in the higher 
speed region Ne2, then, after establishing a speed re- 
gion exchange engine speed EXCNe2 by subtracting 
the lower extreme THNe2Uon\ the basic speed region s 
exchange engine speed EXCNe at step S709, a com- 
parison of the current engine speed Ate with the speed 
region exchange engine speed EXCNe2\s made at step 

571 0. When it is found that the current engine speed Ate 

is less than the speed region exchange engine speed io 
EXCNe2, after selecting the speed region Ate 7 at step 

5711 , the EGR control is performed mainly for the EGR 
valve 14B and subordinate^ for the EGR valve 14A at 
step S712. On the other hand, when the current engine 
speed Ne is greater than the speed region exchange 
engine speed EXCNe2 f the EGR control is performed 
mainly for the EGR valve 1 4A and subordinate^ for the 
EGR valve 14B without exchanging the speed regions 
from one to another at step S71 3. 

The EGR control performed mainly refers EGR 
valve feedback control to deliver a target air-fuel ratio 
TA/F aX which a reduction in both NOx emission and 
smoke. For example, as shown in Figure 44A, if, while 
one of the EGR valves remains closed, the main EGR 
control is effected for the EGR valve, the EGR valve is 
gradually increases its opening until the target air-fuel 
ratio WF is attained. On the other hand, as shown in 
Figure 44B, if, while another EGR valve remains open, 
the subordinate EGR control is effected for the another 
EGR valve is linearly closed at a specified rate. This 
EGR control in which the EGR valves 14A and 14B are 
differently controlled according to engine speed controls 
pulsations of an exhaust gas stream in the intake air 
passage 2a with the result of realising a substantially 
linear change in EGR ratio with a change in engine 
speed and approximately uniform EGR ratio differences 
among the cylinders for every engine speed, as shown 
by solid lines in Figure 40. In this instance, although the 
available engine operating region is divided into two re- 
gions, it may be divided into more than two regions. 

As described above, an occurrence of a difference 
in EGR ratio and air-fuel ratio between cylinders is 
avoided by introducing a controlled variable for each cyl- 
inder in the EGR control (EGR ratio control) according 
to the cylinder property variation as which a difference 
in EGR rate between cylinders is handled. In other 
words, there is no difference in NOx emissions and 
smoke between cylinders which leads to an increase in 
total amount of NOx emission and smoke generated 
from the engine. 

The EGR ratio shown in Figure 40 is a result of the 
EGR control in which the EGR valves 14A and 14B are 
exchanged in operation according to the speed regions 
Ne1 and Ne1 divided at an engine speed of 1,500 rpm. 
In order to avoid an occurrence of difference in EGfi ra- 
tio between cylinders, utilisation may be made of a 
change of the relationship between intake air and ex- 
haust gas pulsations affecting EGR ratio due to a 



change in length or volume of the exhaust gas recircu- 
lation passages 13A and 1 3B. 

Figure 45 shows a variation of the structure of the 
exhaust gas recirculation system 13 in which the length 
of a single exhaust gas recirculation passage 13A is 
changed according to engine speeds. 

As shown, the exhaust gas recirculation passage 
13A has a passage section branching off into a short 
branch passage section 1 3A and a long branch passage 
section 13B. These short branch passage section 13A 
and long branch passage section 13B are respectively 
provided with electromagnetically controlled check 
valves 63a and 63b which are alternatively actuated at 
a specified threshold engine speed by means of an ac-' 
tuator 62. That is, while one of the check valves 63a and 
63b remains closed, another check valve remains open. 
The check valve 63a installed in the short branch pas- 
sage section 1 3A may be omitted as shown in Figure 46. 

Although not shown, a three-way valve may be in- 
stalled at a downstream juncture between the short and 
long branch passage sections 1 3A and 1 3B to open or 
close one of the short and long branch passage sections 
1 3A and 1 3B. Further, a bellows type of flexible passage 
section or a volume variable chamber may be installed 
to change the length of the exhaust gas recirculation 
passage 1 3A. 

Figure 47 is a flow chart illustrating a sequence rou- 
tine of selective control of the two independent exhaust 
gas recirculation passages 1 3A and 1 3B of the exhaust 
gas recirculation system 13 shown in Figure 41. 

In the EGR control either one of or both exhaust gas 
recirculation passages 13A and 13B are brought into 
use. When the flow chart logic commences and control 
passes directly to step S801 where a judgement is made 
based on an engine operating condition as to whether 
both exhaust gas recirculation passages 13A and 13B 
should be used. Specifically, the exhaust gas recircula- 
tion passages 1 3A and 1 3B are used all together when 
there is a reduction in the actual amount of fuel injection 
F, or either one of them is used when there is no reduc- 
tion in the actual amount of fuel injection F. Basically the 
selective use of the exhaust gas recirculation passages 
1 3A and 1 3B is determined on the basis of the speed 
regions Ne1 and Ne1 shown in Figure 42. 

When the use of both exhaust gas recirculation pas- 
sages 1 3A and 1 3B is determined, after setting up a flag 
F at step S802, another judgement is made at step S803 
as to whether the EGR valve 14A remains closed. When 
the answer is affirmative, then, after setting an opening 
of the EGR valve 14A to its full position at step S804, 
the EGR valve 14B is feedback controlled based on the 
amount of intake air to recirculate a demanded amount 
of exhaust gas necessary to deliver the target air-fuel 
ratio TA/F at step S805. On the other hand, when the 
answer to the judgement is negative, this indicates that 
the EGR valve 14B remains closed, after setting an 
opening of the EGR valve 14B to its full position at step 
S806, the EGR valve 14A is feedback controlled based 
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on the amount of intake air to recirculate a demanded 
amount of exhaust gas necessary to deliver the target 
air-fuel ratio TA/F at step S807. After the control of the 
EGR valve 14B at step S805 or of the EGR valve 14A 
at step S807, the flow chart logic orders return for an- 
other execution of the EGR valve selective control rou- 
tine. 

On the other hand, when the answer to the judge- 
ment made at step S801 is negative, this indicates that 
either one of the exhaust gas recirculation passages 
13A and 13B should be used, then, another judgement 
is made at step 5808 as to whether both exhaust gas 
recirculation passages 1 3A and 1 3B are now under use. 
When the answer to the judgement is negative, this in- 
dicates that neither the exhaust gas recirculation pas- 
sage 13A nor the exhaust gas recirculation passage 
13B is under used, then, the flow chart logic orders re- 
turn for another execution of the EGR valve selective 
control routine. However, when both exhaust gas recir- 
culation passages 1 3A and 1 3B are under use, a further 
judgement is made at step S809 as to whether the EGR 
valve 14A is now under feedback control based on the 
amount of intake air. When the answer to the judgement 
is affirmative, after setting an opening of the EGR valve 
14B to its closed position at step S810, a judgement is 
made at step S811 as to whether the EGR valve 14B 
has reached its closed position. The flow chart logic or- 
ders return for another execution of the EGR valve se- 
lective control routine when the EGR valve 14B has not 
yet reached its closed position or after resetting down 
the flag F at step S812 when the EGR valve 14B has 
reached its closed position. On the other hand, when 
the answer to the judgement is negative, after setting 
an opening of the EGR valve 14A to its closed position 
at step S813, a judgement is made at step S814 as to 
whether the EGR valve 1 4A has reached the closed po- 
sition. The flow chart logic orders return for another ex- 
ecution of the EGR valve selective control routine when 
the EGR valve 14A has not yet reached its closed posi- 
tion or after resetting down the flag F at step S81 2 when 
the EGR valve 14A has reached its closed position. 

As apparent from the EGR valve selective control, 
in the event wherein there is an engine demand for a 
sharp increase in the amount of exhaust gas recircula- 
tion, both EGR valves 14A and 14B are brought into si- 
multaneous use to meet the practical engine demand. 
Specifically, as shown in Figures 48A through 48C, dur- 
ing deceleration or while the accelerator pedal returns 
to cause a reduction in the amount of fuel injection, there 
occurs a sharp reduction in the amount of exhaust gas 
recirculation. As a result, there is prevented a sharp 
change in air-fuel ratio with the effect of eliminating an 
increase in NOx emissions. However, as seen in Figure 
48B, if the exhaust gas recirculation system 13 is 
equipped with a single exhaust gas recirculation pas- 
sage only, it is impossible to provide a sharp increase 
in the amount of exhaust gas recirculation meeting the 
practical engine demand because of the feedback con- 



trol of an EGR valve. As shown in Figure 48C, the ex- 
haust gas recirculation system 1 3 equipped with two ex- 
haust gas recirculation passages provides a sharp in- 
crease in the amount of exhaust gas recirculation meet- 

5 ing the practical engine demand without a sharp in- 
crease in NOx emissions due to an instantaneous ex- 
cess rise in air-fuel ratio. 

In the case wherein a catalytic converter 12 is in- 
stalled in the exhaust gas system 3, there occurs a 

io change in exhaust gas pressure due, for example, to 
clogging of the catalytic converter or removal of tiny par- 
ticles from the catalytic converter. Further, in the case 
wherein the exhaust gas recirculation system 13 coop- 
erates with the VGT turbo-charger, there occurs also a 

is change in exhaust gas pressure due to action of the var- 
iable vane. This exhaust gas pressure change affects 
directly a stream of exhaust gas and its pulsation in the 
exhaust gas recirculation passage. For this reason, al- 
though the exhaust gas recirculation system 13 of the 

20 above embodiment is adapted to perform the judgement 
of simultaneous use of both exhaust gas recirculation 
passages, it may be modified to perform the exhaust gas 
recirculation control by using a single exhaust gas recir- 
culation passage while the exhaust gas is at higher level 

25 of pressure and by using both exhaust gas recirculation 
passages while the exhaust gas is at lower level of pres- 
sure. 

It is to be understood that although the present in- 
vention has been described with regard to preferred em- 
30 bodiments thereof, various other embodiments and var- 
iants may occur to those skilled in the art, which are with- 
in the scope and spirit of the invention, and such other 
embodiments and variants are intended to be covered 
by the following claims. 

35 

Claims 



1. An exhaust gas recirculation system for a turbo- 
40 charged diesel engine into which fuel is directly in- 
jected with an amount determined based on a pedal 
stroke of an accelerator pedal, said exhaust gas re- 
circulation system comprising: 

45 a recirculation passage (1 3a) through which ex- 

haust gas is partly recirculated from an exhaust 
gas passage (3a) upstream from a turbo-charg- 
er (7) into an intake air passage (2a) down- 
stream from a blower of the turbo-charger (7); 

50 an air flow sensor (6) disposed in said intake 

air passage (2a) upstream from said blower of 
the turbo-charger (7) for detecting an intake air 
flow rate; 

exhaust gas recirculation regulating means 
55 (14) installed in said exhaust gas recirculation 

passage (1 3a) for linearly varying an amount of 
exhaust gas recirculation; and 
control means (5)\ox determining an amount of 
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fuel injection, detecting engine operating con- 
ditions, determining a target air-fuel ratio for ex- 
haust gas recirculation control for an accelerat- 
ing state in which said engine is turbo-charged, 
and controlling said exhaust gas recirculation 
regulating means to permit an amount of ex- 
haust gas recirculation based on said intake air 
flow rate and said amount of fuel injection so 
as thereby to deliver said target air-fuel ratio. 

The exhaust gas recirculation system for a turbo- 
charged diesel engine as defined in claim 1 , where- 
in said control means further determines a target 
air-fuel ratio for exhaust gas recirculation control for 
an ordinary engine operating state in which said en- 
gine operates with lower or moderate loads, deter- 
mining said target air-fuel ratio for exhaust gas re- 
circulation control for said accelerating state upon 
an occurrence of a transition to said accelerating 
state from said ordinary engine operating state, and 
feedback controlling said exhaust gas recirculation 
regulating means to deliver said target air-fuel ratio 
for exhaust gas recirculation control for said ordi- 
nary engine operating state while said engine oper- 
ates in said ordinary state and to deliver said target 
air-fuel ratio for exhaust gas recirculation control for 
said accelerating state when an engine operating 
condition changes to said accelerating state from 
said ordinary engine operating state. 

The exhaust gas recirculation system for a turbo- 
charged diesel engine as defined in claim 2, where- 
in said target air-fuel ratio for exhaust gas recircu- 
lation control for said accelerating state is greater 
than said target air-fuel ratio for exhaust gas recir- 
culation control for said ordinary engine operating 
state. 

The exhaust gas recirculation system for a turbo- 
charged diesel engine as defined in claim 3, where- 
in, when an engine operating condition changes to 
said accelerating state from said ordinary engine 
operating state, said control means controls an in- 
crease in said amount of fuel injection with an in- 
crease in said pedal stroke. 

The exhaust gas recirculation system for a turbo- 
charged diesel engine as defined in claim 4, where- 
in said control means (5) controls said increase in 
said amount of fuel injection by determining an up- 
per limit to said amount of fuel injection according 
to said intake air flow rate so that a limit air-fuel ratio 
smaller than said target air-fuel ratio for exhaust gas 
recirculation control for said ordinary engine oper- 
ating state. 

The exhaust gas recirculation system for a turbo- 
charged diesel engine as defined in claim 3, where- 



in, when an engine operating condition changes to 
said accelerating state from said ordinary engine 
operating state, said control means (5) controls said 
exhaust gas recirculation regulating means (14) to 

s provide at least a reduction in said amount of ex- 
haust gas recirculation regardless of said target air- 
fuel ratio for exhaust gas recirculation control for 
said ordinary engine operating state before control- 
ling said exhaust gas recirculation regulating 

10 means (14) based on said target air-fuel ratio for 
exhaust gas recirculation control for said accelerat- 
ing state. 

7. The exhaust gas recirculation system for a turbo- 
is charged diesel engine as defined in claim 2, where- 
in said control means (5) further determines a target 
air-fuel ratio for fuel injection control for said accel- 
erating state and, in said acceleration state, per- 
forming feedback control of fuel injection to deliver 

20 said target air-fuel ratio for fuel injection control in 
parallel to said exhaust gas recirculation control. 

8. The exhaust gas recirculation system for a turbo- 
charged diesel engine as defined in claim 7, where- 
as jn said target air-fuel ratio for fuel injection control 

for said accelerating state is smaller than said target 
air-fuel ratio for exhaust gas recirculation control for 
said accelerating state. 

30 9. The exhaust gas recirculation system for a turbo- 
charged diesel engine as defined in claim 8, where- 
in said target air-fuel ratio for fuel injection control 
for said accelerating state is smaller than said target 
air-fuel ratio for exhaust gas recirculation control for 

35 said ordinary engine operating state, and said tar- 
get air-fuel ratio for exhaust gas recirculation control 
for said accelerating state is greater than said target 
air-fuel ratio for exhaust gas recirculation control for 
said ordinary engine operating state. 

40 

10. The exhaust gas recirculation system for a turbo- 
charged diesel engine as defined in one of claims 
2 through 9, wherein said target air-fuel ratio for ex- 
haust gas recirculation control for said ordinary en- 

45 gine operating state is specified as an air-fuel ratio 
at which generation of smoke changes to a sharp 
increase from a gradual increase. 

11. The exhaust gas recirculation system for a turbo- 
50 charged diesel engine as defined in claim 10, 

wherein said control means (5) performs said ex- 
haust gas recirculation control so as to deliver said 
target air-fuel ratio for said ordinary engine operat- 
ing state same and uniform for all cylinders. 

55 

12. The exhaust gas recirculation system for a turbo- 
charged diesel engine as defined in one of claims 
2 through 11 , wherein said turbo-charger (7) is of a 
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type of variable supercharging efficiency. 

13. The exhaust gas recirculation system for a turbo- 
charged diesel engine as defined in claim 12, 
wherein said turbo-charger (7) is of a type having a 
variable vane (7b) varying a cross sectional area of 
an exhaust gas discharge passage (7c). 

14. The exhaust gas recirculation system for a turbo- 
charged diesel engine as defined in claim 12, 
wherein said turbo-charger (7) is of a variable ge- 
ometry type which is variable in A/R ratio. 

15. The exhaust gas recirculation system for a turbo- 
charged diesel engine as defined in claim 14, 
wherein said control means (5; controls said turbo- 
charger (7) to vary its A/R ratio smaller when an en- 
gine operating condition shifts into said accelerating 
state from said ordinary engine operating state. 

16. The exhaust gas recirculation system for a turbo- 
charged diesel engine as defined in one of claims 
2 and 3, wherein said exhaust gas recirculation pas- 
sage (13a) includes two passage sections (13A, 
1 3B) arranged in parallel to each other, one of said 
two passage sections (13A) being provided with a 
linear vatve (14A) which linearly changes opening 
of said one passage section (1 4A) and another pas- 
sage section (14B) being provided with an on-off 
valve (14B) which opens and closes to open and 
shut off said another passage section (13B), and 
said control means (5) feedback controls said linear 
valve to vary opening of said one passage section 
so as thereby to deliver said target aiMuel ratio for 
exhaust gas recirculation control while keeping said 
on-off valve (1 3B) open in said ordinary engine op- 
erating state, and controls said on-off valve (13B) 
to close upon a transition to said accelerating state 
from said ordinary engine operating state. 

17. The exhaust gas recirculation system for a turbo- 
charged diesel engine as defined in one of claims 
2 and 3, wherein said exhaust gas recirculation pas- 
sage (13a) includes two passage sections (13A, 
1 3B) arranges in series, one of said two passage 
section (13A) being provided with a linear valve 
(1 4A) for linearly changing opening of said one pas- 
sage section and another passage section (13B) 
being provided with an on-off valve (14B) which 
opens and closes to open and shut off said another 
passage section, and said control means (5j feed- 
back controls said linear valve (14A) to vary open- 
ing of said one passage section (1 3A) so as thereby 
to deliver said target air-fuel ratio for exhaust gas 
recirculation control while keeping said on-off valve 
(14B) open in said ordinary engine operating state, 
and controls said on-off valve (14B) to remain 
closed until an air-fuel ratio within a specified extent 



from said target air-fuel ratio for exhaust gas control 
for said accelerating state is attained upon a tran- 
sition to said accelerating state from said ordinary 
engine operating state. 

5 

18. The exhaust gas recirculation system for a turbo- 
charged diesel engine as defined in claim 2, where- 
in said exhaust gas recirculation regulating means 
(14) comprises a diaphragm type valve having a 
10 pressure chamber and pressure control means (1 6, 
17) for introducing a specified level of preset pres- 
sure into said pressure chamber to keep said dia- 
phragm type valve remain closed. 

is 19. The exhaust gas recirculation system for a turbo- 
charged diesel engine as defined in claim 1 , where- 
in, an engine operating condition changes to said 
accelerating state from said ordinary engine oper- 
ating state, said control means controls an increase 

20 in said amount of fuel injection with an increase in 
said pedal stroke. 

20. The exhaust gas recirculation system for a turbo- 
charged diesel engine as defined in claim 19, 

25 wherein said control means (5) controls said in- 
crease in said amount of fuel injection by determin- 
ing an upper limit to said amount of fuel injection 
according to said intake air flow rate so that a limit 
air-fuel ratio smaller than said target air-fuel ratio for 

30 exhaust gas recirculation control for said ordinary 
engine operating state. 
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